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PREFACE. 


Although the physical geography, mineralogy and natural history 
of the distant and mountainous parts of Russia have been well illustrated, 
from the days of Pallas and Hermann to those of Humboldt and Rose, 
the true geological structure of the country, particularly of her great flat 
regions, has never yet been adequately developed. We need not now 
enumerate all those persons who have recently offered contributions to- 
wards this object ; but .we must specially notice the early efforts of our 
precursor Strangways, who, so far back as the year 1822 , after minutely 
describing the environs of St. Petersburgh, prepared a short general 
memoir on Russia in Europe ; and essaying the first sketch of a geolo- 
gical map of thjit great portion of the empire, endeavoured to place its 
various rock masses in relation to their equivalents in England. This 
enterprising effort did not, indeed, result in determining the true suc- 
neiision of the strata ; for no geologist had paved the way by any clas- 
sification of the most ancient fossiliferous deposits, of which the North 
of Russia is almost exclusively composed, according to their superpo- 
sition imbedded organic remains. Viewed, however, as the first 
attei^^iil^ unfold the nature of the subsoil of large, undulating regions, 
necelraii^ most obscure from being covered over with much detritus, 
th<i*map of Sfrapgways is entitled to the most respectful consideration 
wfeo vvere destined to follow him. 
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After this effort, some years elapsed before the geological school of 
St. Petersbtirgh began to participate in the forward movement which the 
study of organic remains had produced in other parts of Europe. The 
first signs of advance are to be seen in the works of IKL Eichwald and 
M. Pander on the fossils of the Baltic governments af<l •the environs of 
St. Petersburgh. But notwithstanding these publications, the utmost* 
doubt and confusion prevailed respecting the geological relations and 
succession of the different rock masses. No one had attempted to 
carry out the general project of Strangways ; nor even had any one then 
observed, tha.t the strata in the neighbourhood of the metropolis of 
Russia were the oldest in which remains of organic life could be traced, 
and were overlaid by other groups charged with distinct fossil con- 
tents. Nor was any sort of connection traced between the various 
strata. The red-coloured deposits of Novogorod, Lithuania and Co,ur- 
land, for example, were still considered to belong to the New Red Sand- 
stone, chiefly because they contained rocks of gypsum and springs of 
salt ; whilst their most striking fossil reliquiae were said to be bones of 
Saurians and Chelonian reptiles. If such had been the case, coal-beds 
might be looked for beneath such red deposits, and the Correct determi- 
nation of their age became, therefore, of great importance to Russia. 

The publication of the ‘ Silurian System’ first dispelled this confusion. 
In that work Mr. Murchison succeeded in proving, that the Russian 
organic remains described by Pander must be the equivalents of those 
which occurred in certain lower fossiliferous strata of the British Isles ; 
and, by studying its pages, Russian geologists at once sew, that the red 
strata immediately surmounting their Silurian strata were characterized, 
as in the British Isles, by certain fishes (^among the most striking of 
which is the Holoptychius nohilissimus ), — the very forms, in fact, that 
until then they had supposed to be the remains of reptiles and tortoises. 
The inference, indeed, was so evident, that M. von Buch, who had not 
visited the country, but to whom its fossils had been sent, speedily 
communicated to Mr. ]\)urchison his conviction, that Russia, when 
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properly worked out, would be found to contain the same succession 
of palaeozoic deposits as had been described in the Silurian region of 
England and "W^es. From that moment Mr. Murchison resolved to 
visit Russia, and fairly to test, whether the British palaeozoic classifica- 
tion would be f<luJid equally true over a vast area, in which, since few 
or no igneous rocks were known, the history of succession might, he 
hoped, be read off in a yery perfect and unbroken manner. Having in 
tile meantime unravelled the structure of the Rhenish provinces, in 
company with his friends Professor Sedgwick and M. de Vemeuil, he 
invited the latter (whose acquaintance with the specific distinctions of 
the ancient mollusca is so well known) to join him in a geological 
survey of Russia. 

To invade Russia, however, as unassisted geologists, with mere ham- 
mers and compasses, would have proved but a fruitless mission, had not 
the CQuntenance of the Imperial Government been obtained. This was 
secured through the very friendly intervention of Baron de Brunnow, 
His Imperial Majesty’s representative at the Court of London, who, 
exhibiting a generous feeling for the advancement of science, strongly 
recommended the undertaking to the protection of his Sovereign. 

Arrivihg in tKeNeva in the early summer of 1840, Mr. Murchison and 
M. de Vemeuil w^ere previously assured of profiting by the aid of their 
friend Baron A.* von Meyendorf, who having been appointed to conduct 
an inquiry into the state of majiufactures and trade of the internal 
governments, had begged them to unite with him, and had further 
obtained the coo'peration of two able naturalists, the Count A. von Key- 
serling and Professor Blasius ; thus hoping that his tour might afford 
many interesting results besides those immediately connected with its 
object. * With these associates, the first researches were commenced in 
the enwons of St. Petersburgh, and on the banks of the rivers Volkof 
and Siass ; and they were followed by others on the banks of the Lake 
Onega and the environs of Petrozavodsk. Notwithstanding, however, ^ 
the zeal asd assistance of Baron A. von Meyendorf, it was not possible 

b 2 
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that geologists, having one continuous and special object, could long con- 
tinue to act in concert with an expedition mainly devoted to statistical 
inquiry*, — a diflScuIty which had, indeed, been foreseei^ by the Imperial 
Minister of Finance, the Count de Cancrine, under whose auspices the 
arrangement had been made, and whose executive ofitc^r as chief of the, 
staflF of the Imperial School of Mines, General TchftfiFkine, had selected 
Lieutenant Koksharof, an intelligent young mineralogist, to attend the 
English and French geologists. At Vitegra, then, Mr,Murphison and 
M. de Verneuil took leave of the expedition of the Baron A. von Meyen- 
dorf, and thence travelled to Archangel, the edges of the White Sea, 
Pinega, &c., whence they ascendpd the banks of the great river Dwina 
to Ustiug- Veliki, in the heart of the gcrvemment of Vologda®, Meeting 
with their other friends at that town, the parties again separated. Mr. 
Murchison, after making a very wide circuit through Vologda, by Tchere- 
povetz, and round to Yaroslavl and Kostroma, once more joined Baron 
von Meyendorf at the latter place. They descended the Volga together 
to Jurievetz, where they parted, and only casually met again in Moscow; 
the English and French geologists having in th^ meantime visited Nijny 
Novogorod, Murom, Jelatma, Kacimof, Riaizan and Kolomna. 

Returning northwards by Moscow, Mr. Murchison an*d M. de Verneuil 
were enabled to correct some previous errors respecting the geological 
equivalents of the chief rocks around that metropolis, and to show, 
that instead of belonging to the Oolitic series, as had been surmised, 
they were of Carboniferous age, and were surmounted by Jurassic shales. 
Finally, an examination of some deep recesses in the Valdai Hills, the 

southern edges of Lake Ilmen, and the banks of small rivers between 

• 

' See Baron A. von Meyendorf 's instructive statistical map of Russia, which resulted fi»m*thi8 survey. 
German edition, M. Schropp and Co., Berlin. • 

* Professor Blasius having been taken ill at Ustiug, Count Keyserling kindly resolved upon remaining 
with his friend. Their operations were thereby much interfered with, and their exploration of the 
country south and west of Moscow was retarded till long after the snow fell. Count Keyserling deve- 
loped some results of his observations in memoirs read before the Moscow Natural History Society, and 
Professor Blasius has since published a sketch of his travels, Brunswick, under the title of Reise im 
Europaeischen Russlandf 1844.'' e 
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NoTogorod and St. Petersburgh, confirmed on another parallel the 
conclusions they had arrived at by, their north-eastern traverses, of a 
general*ascendi^g succession of deposits from the Silurian on the north, 
to the Carboniferous basin of Moscow ; and convinced them that those 
two systems w^el clearly separated from each other by a full develop- 
ment of Old Red Sandstone, as abundantly charged with ichthyolites as 
in Scotland, and containing also m^ny of the same species of shells as in 
Devonshire an^ the Rhenish Provinces. 

Through these researches, as well as those of Colonel Helmersen and 
his associates in the Valdai Hills and around Pskoff and Dorpat, the 
chief physical relations of these palqpozoic rocks of the northern and 
central provinces were placed beyond all doubt. 

On his return to England, Mr. Murchison exhibited to the British 
Association for the Advancement of Science a first geological sketch map 
of the regions examined, and read a memoir thereon to the Geological 
Society of London in the name of M. de Vemeuil and himself, explaining 
the conclusions at which they had then arrived. 

Shortly afterwards Professor Eichwald published his work on the 
Silurian organic remains of Esthonia* ; and in the course of the ensuing 
winter,* Colonel Helmersen, grouping together all the information ob- 
tained from the; earliest 1;o the most recent researches, produced a small 
general geological map of Russia, very superior to any one which had 
preceded it. But although a good aperpu of the true succession of the 
older palaeozoic rocks in Russia had thus been obtained, — though the 
volumes of the Imperial School of Mines had laid before the public many 
materials concerning the mineral structure of distant and important 
tracts,*— though, in short. Rose was then preparing to publish his elabo- 
rate dfescription of the crystalline rocks and minerals of the Ural Chain, 
and iTubois de Montpireux had already given a clear geological ensemble 
to the Caucasus and Crimaea, and had described the tertiary strata of 

» Esthlands Silurische Schichten System. M. Eichwald obligingly furnished the authors with manj 
Silurian fossils. 
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Volhynia and PodoUa, extensive observations were yet wanted before 
any well-grounded attempt could l^e made to propound such a general 
view of Russian geological classification as that wh^ch is how put 
forth. Viewing the subject in this light, the Count de Cancrine laid 
before His Imperial Majesty a project for a well-cofubined additional 
geological survey of Russia, which being approved of by the Emperor, 
a communication was made to* Mr^ Murchisop by that Minister, the 
object of which was to secure the services of M. de Vem^uil and himself. 
Under these high auspices, the researches of these geologists were re- 
sumed early in the spring of 1841, when, travelling overland to St. 
Petersburgh, they united with their friend Count Keyserling, and made 
fresh observations in the Governments ©f “Wilna, Courland, Ljvonia and 
Esthonia. 

On their arrival at St. Petersburgh^, His Imperial Majesty received 
the foreign travellers in so marked and cordial a manner, and witl\ such 
expressions of confidence in their renewed efforts, that they felt doubly 
anxious to acquit themselves with credit of the task they had under- 
taken. *“ 

Count Keyserling had now been formally named one of the same 
geological expedition, and Lieutenant Koksharof was ^gain appointed 
to accompany it Thus organized, the general plan was devised by 
which the Ural Mountains and the southern provinces of Russia, parti- 
cularly the coal-field of the Donetz, were to be examined, — a plan in 
which General Tcheffkine took the most lively interest, and in preparing 
which he manifested the greatest intelligence, friendlinesk and zeal. 

Previously accustomed to act together, and imbued with the, same 
geological animus, the little force first made some explorations to the 
south of Moscow (Tula, Kaluga, Serpukhoff, Kolomna, &c.), and then 

^ Mr. Murchison must gratefully acknowledge, that on this occasion, his position at St. Petersburgh 
was rendered most agreeable through the fiiendly support of the Marquis of Clanricarde, then the 
British Ambassador, and that during former and subsequent visits be experienced the kindest attention 
•from the Hon. John Bloomfield, Her Britannic Majesty's Envoy. ^ 
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dividing into two companies proceeded to Kazan by different routes, 
the one by Arzamas and Simbirsl^ the other by Nijny Novogorod. 
Separating in this way for short periods, and meeting at given points 
to combine new observations, it is not too much to assert, that the power 
of acquiring kn^^edge was nearly doubled, and that the results of the 
‘labour of nearly two summers were thus concentrated in one. The vast 
cupriferous regions to the east of Kazan and around Perm being first 

explored, the Ural Mountains were crossed and re-crossed on seven 

• % 

different parallels, between 60® and 64° north latitude ; the one party 
examining the European, the other the Asiatic flanks of the chain, — 
the latter occasionally advancing into the fiat regions of Siberia. 

Returning westwards from the, environs of Orenburg i, Mr. Murchison 
and M. de Vemeuil retraversed, in its greatest width, the southern and 
cei^Jtral part of the vast cupriferous country, the strata occupying which 
they again studied in detail, and thus became enabled to classify and 
connect them with the inferior systems. In the meantime Count Key- 
serling^ journeyed over the steppes of the Kirghis between Orenburg 
and Astrakhan, visiting* by the way the isolated Mount Bogdo ; whilst 
the northern division were travelling over the banks of the Volga from 
Samara .to Sarepta, there tracing the relations of the carboniferous, 
Jurassic, cretaceous and* tertiary deposits. The steppes of the Kal- 
mucks, the movUh of the Don, and the edges of the Sea of Azof being 
skirted, with a view of examining the peculiar tertiary limestone of the 
southern steppes, a month was devoted to the exploration of the car- 
boniferous region of the Donetz, from whence the expedition returned to 
Moscow, again moving on two lines of observation, the one by Kharkof, 
Kursk and Orel, the other by the valley of the Don and Voroneje. 

It was then that, having finally worked out and compared the chief 
results 4)f the labours of his friends and himself, Mr. Murchison pro- 
posed the establishment of the name Permian, as applied to the youngest 

‘ The deep obligations of the authors to General Perovski, then«Governor- General of Orenburg, and 
to the other autl^orities in the Ural Mountains, are expressed in the body of the work. 
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of the palaeozoic systems, and explained the classification implied 
thereby, in a letter addressed to the^ venerable Dr. Fischer de Waldheim. 
Subsequently at St. Petersburgh he presented, in the name of his friends 
and himself, a report' upon the "whole survey to His Excellency the 
Count de Cancrine. This report, with an improved ipqp and a general 
section across Russia from south to north (those w)iich in an improved 
state now appear in PI. VI.), was shortly after laid before the Emperor, 
when His Imperial Majesty not only received t&e travellers with his ac- 
customed kindness, honouring them with his warmest thanks and special 
marks of his favour ^ but further assured them that he considered their 
labours to be of great importance to his country. 

And here the authors must observe,,th&t their efforts could have had 
no such result, if the wishes of the Emperor had not been admirably put 
into execution under the directions of his enlightened minister the Count 
de Cancrine, and by the excellent arrangements made by General Tchefif- 
kine in his department of the Imperial Corps of Mines. Nor can they 
omit to notice their obligations to Colonel Helmersen for his good advice 
concerning the Ural Mountains, with which he had rendered himself so 
familiar. To these and numerous other kind friends, both in the Russian 
metropolis and in the provinces, particularly to many officers of the 
Imperial Corps of Mines, as well as to various authors who have assisted 
them in different auxiliary departments of science, they will, in the course 
of this work, have other opportunities of expressing their obligations. 

Having thus arrived at more definite conclusions, the authors explained 
their matured general views to the Geological Society cf London in the 
subsequent winter, and soon afterwards commenced the preparation of 
the present work, which in the summer of 1842 was brought into a 
systematic plan, during a visit which Count Keyserling and iSJl, de Ver- 


> 'Jlu8 Surrey having been carried out under the special orders and protection of the Emperor, the foreign 
geologists who were fully accredited to the governors and chief officers of the provinces, were substan- 
tially and virtually pro hdc vice in the Russian service ; and for such gratuitous service they were 
honoured by marks of His Imperial Majesty’s satisfaction. 
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neuil paid to England. As it advanced, however, Mr. Murchison per- 
ceived, .that though well-grounded in the great features of classification, 
further researches in the field were called for, before the design could 
be satisfactoriljf executed. Aware that his colleague Count Keyserling 
had resolved to explore during the following year (1843) the almost 
untrodden regions of north-eastern Russia, watered by the great river 
Petchora, he naturally s*bught to defer the publication until that survey 
should bd completed ; since many original geographical and geological 
features must in that way be obtained — features now, for the first time, 
correctly delineated upon their map, and which exhibit the previously 
unknown Timan Range stretehing to* the icy sea through a region in- 
habited only by Samoyedes, and a great portion of it beyond the limits 
of arboreal vegetation. Whilst, therefore. Count Keyserling was thus 
occupied in such north-eastern wilds, Mr. Murchison revisited several 
parts* of Germany, exploring many tracts which he had not previously 
seen, more correctly to determine the true relations of their paleeozoic 
deposits to those of the British Isles on the one hand, and to those of 
Russia on the* other ; his principal object being to define with greater 
accuracy the equivalents of the Permian system, and at the same time to 
become acquainted with-the structure of Poland and those edges of the 

t 

Carpathians which border upon the Russian empire. 

Another year passed over, and the work was already considerably 
advanced, both as respected this' first or English volume, and the second 
or French volume, in which the chief organic remains are described by 
M. E. de VemeuiP. ' But still it was felt, that without a survey of the 
Scandinavian rocks which form the north-western girdle of Russia, the 
book would necessarily be incomplete ; and accordingly the summer of 
1844 was devoted to that purpose. This last journey has, indeed, been 
even more productive of valuable knowledge than was anticipated ; for 

* In 1843, M. de Veraeuil, accompanied by Vicomte d'Archiac, examined the palaeozoic rocks of^ 
Normandy, B| 2 ;ittany, &c., with a view to general conclusions and results; and in 1844 a severe attack 
of illness alone prevented his joining Mr. Murchison in the examination of Norway and Sweden. 
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it has not merely shown a close agreement of the older palaeozoic or pro- 
tozoic strata of Norway and Sweden with the contemporaneous group 
in England and Wales, but by its actual superposition to still older 
•crystalline rocks void of all traces of organic life, hasj^given the authors 
;a clear base line wherewith to connect and from whence to trace their ' 
whole ascending series of Russian sedimentary deposits. 

This excursion to Norway and Sweden (where through the friendly 
aid of Baron Berzelius and Professors Keilhau and Loven Mr. IVIurchison 
obtained access to every collection) has not only been advantageous to 
palaeozoic classification, but has also been highly serviceable in develop- 
ing some prominent features of the grejit Scandinavian drift that covers 
such large portions of the surface of Russia and Germany, and the con- 
sideration of which naturally occupies many of the subsequent pages ^ 

Revisiting afterwards St. Petersburgh, Mr. Murchison personally com- 
municated with Count Keyserling on the subject of the Petchora and 
Timan country, and at the same time examined some newly -discovered 
natural relations of the strata not distant from the capital®. He also 
derived some important additional knowledge from M.PaiJder, M. Worth, 
Colonel Helmersen, M. Khanikoff and other friends. 

In presenting to the public geological maps Y)f Russia in Europe and 
the Ural Mountains, and in attempting to classify upon, what they con- 
ceive to be a sound general basis, the various deposits of so vast a ter- 
ritory, the authors bespeak the indulgence of their brother geologists. 


' The complete examination of these most interesting countries was incompatible with the publication 
of a work on Russia ; but having been graciously honoured with an invitation from the King of Sweden 
and Norway to revisit them, Mr. Murchison has the full intention of doing so, with the prosptet of being 
once more accompanied by M. de Vcmeuil. ^ 

* On this occasion Mr. Murchison was the bearer of a medal struck in England, in honour of the re- 
cent visit of the Emperor Nicholas to the Queen of England. This medal is executed by Mr. Leonard 
Wyon of the Royal Mint, and is represented in the medallion which accompanies the dedication to His 
Imperial Majesty. The inscription on the reverse will, it is hoped, be equally gratifying to all loyal 
persons in both countries. During this, as in former visits, Mr. Murchison had strong reasons to be 
‘ grateful to the Count A. von Orloff for the kindest support, and he has recently been ip^rmed by His 
Excellency that the Emperor had cordially accepted the medal. 
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towards the inaccuracies of detail which must inevitably accompany such 
a first outline of regions which they traversed rapidly and only partially 
examined. Bu{ although when engaged in the pursuit of a favourite 
science their chief end was to test the truth of certain broad generaliza- 
tions, suggested by, the examination of other countries, they have reason 
to hope, that their labours may somewhat aid in administering to the 
wants of their kind friends in Russia. A government which controls 
the power and rouses the latent energies of so great a country, is ever 
desirous to know, what are the tracts within its rule, in which from 
their structure no useful minerals are to be found, as well as, on the 
other hand, to be acquainted with those districts wherein such sub • 

a 

stances may be searched for with reasonable hopes of success. Russia, 
in truth, stands pre-eminently in need of correct internal exploration, 
and to no country can the revelations of the geologist be of higher 
importance. Covered, as she has been, with magnificent forests, which 
have hitherto supplied her inhabitants alike with shelter and with fuel* 
the time is fast approaching (and in some large tracts has already 
arrived) when these resources will no longer meet the exigencies of an 
increasiiig population, daily advancing in their acquaintance with the 
comforts^ arts and manufactures of civilized life. Under these circum- 
stances a prudqnt government naturally asks, where are we to seek for 
the best building-stones and limestones for constructing new edifices 
and public works.? Does not the level surface of our land naturally 
suggest to us the advantage of railroads to connect our chief cities, and 
is it not an important inquiry how these great national objects can be 
best effected ? Where, in a word, can we look for coal to further our 
enterprises, and where can we never find it ? 

These, indeed, are but a few of the most obviously important econo- 
mical queries to which the geologist is enabled to reply ; and the extent 
to which such questions have been answered will be seen in the body 
of the fi]jst volume. To their ensuing pages, therefore, the authors* 
must now refer ; though in the meantime they may assure the reader. 
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that the labours they have encount^d have been infinitely overpaid, by 
the pleasing reflections with which they can never cease to dwell upon 
the hearty hospitality and generous support of all classes of Russians. 

Recurring to that distinctive- trait of national Mos^ovite character — 
a will which admits of no obstacle — they are bound to record, that their ’ 
own impatient forward ” was ever cheerfiiUy responded to by the 
mdjna of the natives ^ With this talismanic word the Russian has, 
indeed, raised monuments on the Moskva and the Neva, that rival the 
grandest efforts of ancient and modem times. 

Amidst such a people, no real difficulty could be experienced. If a 
bridge were broken, it seemed rebuilt by*magic. Though a river-bed 
was dry, the travellers beheld it converted, as if miraculously, into a 
navigable stream®. Was the water too shallow, then did the athletic 
peasants cheerfully lift the boats over rocks, enlivening their progress 
with a merry carol. Wet or dry, hot or cold, no murmur escaped these 
resolute men, and mdjna was their only cry. 

To the illustrious Monarch, then, of the wide«realms whose structure 
they attempt to describe, and to all His loyal subjects v^'ith whom they 
held communication, the authors beg once more to express their sincere 
attachment and lasting gratitude. * 

• 

^ This word mdjna, the literal translation of which is, ** It is possible/' may be rendered into English 
by the colloquial sailors* phrase, “Ay, ay, sir/* • 

« See the account of the descent of the Serebrianka river, p. 382. 


London^ Aprils 1845. 
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INDEX OF FOSSILS FIGURED IN VOLS. I. AND II 


thif Indexi the species of which names are printed in Italics have not before been figured. 

The following is an explanation of the abbreviations made use of: — 

PaL» Paleozoic; S., Sili^rian; D.^ Devonian; Carboniferous ; P., Permian; 0.,Terrain Oxfordien of the 
* . Jurassic or Oolitic series; Cret, Cretaceous. 


Plants 

Calamites gigas, ii. Pl. G. f. 8. P. • 

Sttckovii, var, major, ii. PI. D. f. 1. P. 

Lepidodendron efongatum, ii. PI. C. f. 6. P. 

-■ — '■ sp. indet, ii. PI. C. f. 5. P. 

Muscites squamatus, ii. PI. G. f. 7. O. 

Neuropteris salicifolia, ii. PI. B. f. 2. P. 

tenuifolia, li. PI. B. f. 8. P. • 

Ndggerathia cuneifolia, ii. PI. A. f. 3. P. 

' expansay ii. PI. B. f. 4?. PI. E. P. 
Odontopteris Fischeri^ ii. PI. A. f. 4?. PI. F. f. 3. P. 
— ■■■ Permiensisy ii. PI. A. f. 1 . P. 

- — Strogonovii, ii. PI. C. f. 1. P. 

Palmacites (Fruit), ii. PI. D. f. 2. P. 

Pecopteris Gdpperti, ii. PI. A. f. 2. PI. F. f. 1. P. 
— Waagenheimi, ii. PI. B. f. 1. PI. F. f.2. P. 
Phyllites KamischeTisiSy ii. PI. G. f. k O. 

sp. indet, ii. Pl.«G. f. 2. O. 

Pterophyllum JUicinuniy ii. PI. G. f. 4*. O. 

» ■■■■ ■ Murchisonianum* ii. PI. G. f. 3, 5, 6 a. O. 

Reussia pectinata, ii. PI. G. f. 6 A. O. ^ 
Sphenopteris erosoy ii. PI. t. f. 3. P. 

incerUiy ii. PI. C. f. 4-. P. 

' lobatOy ii. PI. C. f. 2. P. 

(Sp. indet), ii. PI. D. f. 3. P. 

PoLYi'ARIA. 

Caninia ibicina, ? i. PI. A. f. 6. C. 

Chetetes P^tropolitanus, i. PI. A. f. 10. S. 

‘ ■' radians, i. PI. A. f. 9. C. 

Columnaria sulcata, i. PI. A. f. 1. S. 
Piphyphyllum concinnuniy i. PI. A. f. 4. C. 
Lithodendrofi annulatuniy i. PI. A. f. 5. C. 

■ costatuniy i. p. 598. C. 

Lithostrotion astroidesy i. p. 607. C. 

■ " emarciatum, i. p. 6^3. C. 

— — floriforme, i. p. 609. C. 

mammiliare, i. p. 606. C. 

Michelinia condnnay i. Pi. A. f. 3. C. 


Stenopora crastay i. PL A. f. 12. P. 

^nigeray i. PI. A. f. 1 1. P. 

Strombodes (transverse section), i. PI. A. f. 12. C. 
Stylastrea inconfertay i. PL A. f. 2. C. 

Tryplasma (Cyathophyllum sp.) aquMliSy i, PL A. 
f.7. S. autD.? 

articulate, i. PL A. f. 8. S. 

Turbinolia centralis, ii. PL xliii. f. 34. Cret 

Foramikifxra. 

Fusulina cyliudrica, ii. PL i. f. 1. C. 

Echinodermata. 

Cidarites Rossicus, ii. PL i. f. 2. C. 

Cryptocrinites lee vis, ii. PL i. f. 4. S. 
Cupressocrinites pentaporus, ii. PL i. f. 15. S. 
Echino-encrinites angulosus, ii. PL i. f. 6. S. 

striatuB, ii. PI. i. f. 5. et xxvii. f. 10. S. 

Echino-sphmritesaurantium, ii. Pl.i. f.8.et xxvii. f.6. S. 

Balticus, ii. PL i. f. 9. S. 

- pomum, ii. PL i. f. 7. S. 

tesselatus, ii. PL xxvii. f. 7. 

Hemicosniites pyriformis, ii. PL i. f. 3. S. 

Crustacea. 

Asaphus expanses, ii. PI. xxvii. f. 13. S. 

— var. comutus, i. 37. S. 

Calymene Fischeri, ii. PL xxvii, f. 11. S. 

Odini, ii. PL xxvii. f. 8. S. 

Phillipsia Eichwaldi, ii. PL xxvii. f. 14. C 

Uralicay ii. PL xxvii. f. 16. C. 

sp. ind. ii. PL xxvii. f. 15. C. 

Mollusca Brachiopoda. 

Caprina Russiensisy ii. PI. xliii. f. 31-33. Cret 
Chonetes nanay ii. PI. xv. f. 12. D. 

Choiietes saroinulata, ii. PI. xv, f. 10. C. P. 

Crania antiquissima, ii. PL i. f. 12. S. 

Leptaena alternate, ii. PI. xiv. f. 6. S. 

a$ellay ii. PI. xiv. f. 3. D. 
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Leptigiiacoiivexa,ii. PI. XV. f.5. S. 

" deltoidea, ii. PL xiv. f. 5. S. 

"" depresBa, ii. PI. xv. f. 7. S. 

— Datertrii, ii. PL xiv. f, 2, 4. D. 

FUcheri^ ii. PI. xv. f. 6. D. 

■ " JBwnbokUit ii. PI. xiv. f. 7. S. 

imbrex, ii. PI. XV. f.S. S. 

— oblonga, ii. Pi. xv. f. 2. S. 

omata, ii. PL xv. f. 8. S. 

sericea, ii. PL xv. f. 1. S. 

transversa, ii. PL xv. f. 4. S. 

uralensis, ii. PL xiv. f. 1. S. 

? sp. indet, ii. PI. xv. f. 9. D. 

Lingula longissima, ii. PL i. f. 10. S. 

— quadrata, ii. PL i. f. 10. S. 

Magus pumilus, ii. PL xliii. f. 27-30. Cret. • 
Obolus (Ungulites) Apollinis, ii. PL xix. f. 3. S. 
Orbicula Buchii, ii. PI. xix. f. 1. S. 

reversa^ ii. PL xix. f. 2. S. 

Orthis adscendens, ii. PI. xii. f. 3. S. 

anomala, ii. PL xii. f. 2. S. 

arachnoidea, ii. PL x. f. 18. Pi. xi. f. 1. C. 

' ■ — ■ ■ Asmusiy ii. PL x. f. 17. S. 

calligramma, ii. PI. xiii. f. 7. S. 

, var. orthambonites, ii. PL xiii. f. 8. S. 

var. ovata, ii. PL xiii. f. 9. S. 

crenistria, ii. PL xi. f. 4. D. 

elegantula, ii. PI. xiii. f. 5. Pal. (Sweden). 

eximia, ii. PL xi. f. 2. C. 

extensa, ii. PI. xiii. f. 11. S. 

hemipronites, ii. PI. xii. f. 4. S. 

inflexa, ii. PI. xi. f. 6. S. 

lunata, ii. PI. xiii. f. 6. Pal. (Ural). 

— Michelini, ii. PI. xii. f. 7. PL xiii. f. 1. C. 
moneta, ii. PL xiii. f. 10. S. 

obtusa, ii. PL xiii. f. IS. S. 

— , var. avellana, ii. PL xiii. f. 4. 

, var. eminens, ii. PL xiii. f. 14. S. 

, var. expanse, ii. PI. xiii. f. 15. S. 

OHvierianai ii. PL xi. f. 3. C. 

qperrtiilam, ii. PL xiii. f. 2. D. 

parva, var. avellana^ ii. PL xiii. f. 3. S. 

plana, ii. PL xL f. 7. S. 

resupinata, ii. H. xii. f. 5. D.^ 

« var. striatula, ii. xii. f. 6. D. 

semicircularia, ii. PI. xiii. f. 12. S. 

Vemeuili, ii. PL xi. f. 8. PL xii. f. 1. S. 


Orthis Wangmhmmiy ii. PL xi. f. 5. Vl 
Pentamerus Ba*hhificu9^ ii. PL vii. f. S. S. 

borealis, ii. PL viii. f. 1. S. 

— — conchidium, ii. PI. viii. f. 2. S« 

— galeatus, ii. PL viiL f. S, S. D. 

' Knightii, ii. PL vii. f. 1. S. 

— VoguUcuSy ii. H. vji. f. 2. S. 

ProductuB Cancriniy il. PL xvi. f. 8. et xviii. f. 7. P« 

— — carbonarius, u. PL xvi. f. 2. C. 

costat^B, ii. PL xv. f. IS. C. 

Edelburgensis, ii. PL xviii. f. 2. C. 

giganteuB, ii. PL xf i. f. 12^ et xvii. f. 2. C. 

gryphoides, ii. PL xvi. f. 7. C. 

horrescemt ii. PL xviii. f. 1. P. 

■ ■ — — Leplayi^ ii. PL xvi. f. 4. P. 

lobatuB, ii. PL xvi. f. 3. et xviii. f. 8. C. 

i , var. Martini, ii. PI. xviii. f. 9. C. 

medusa, ii. PL xviii. f. 6. t. 

membranaceus, ii. PL xv. f. 11. D. 

mesolobus, ii. PL xvi. f. 10. C. , 

Neffedieviy ii. PL xviii. f, 1 1. C. 

productoides, ii. PL xviii. f. 4. D# 

punctatus, ii. PL xviii. f. 3. C. 

pustulosus, ii. PL xvi. f. 1 1. C. 

BcabriculuB, ii. PL xvi. f. 5. et xviii. f. 5. C. 

Bemireticulatus,ii.PLxvi.f. Let xviii. f.lO. C. 

striatuB, ii. PL xvii. f. 1. C. 

subaculeatus, ii. PL xvi. f. 9. D. 

tenuistriatusy ii. PL xvi. f. 6. C. 

undatuB, ii. PL x^ f. 15. C. 

Siphonotreta unguiculata, ii. PL i. f. 13. S. 

verrucosa, ii. PL i. f. 14. S. 

Spirifer eequalis, ii. PL ii. f. 6. S. 

cequirostris, ii. PL iii. f. 1. S. 

, var. deformata, ii. PL iii. f. 2. S. 

Anossqfiy ii. PL iv. f. 3. D. 

Archiaci, ii. PL iv. f. 5. D. 

Blasiiy ii. PL vi. f. 9. P. , 

chama, ii. PL v. f. 1. S. ' 

crassus, ii. PL vi. f. 2. C. 

curvirostrisy ii. PL vi. f. 14. P.* 

dentatuB, ii. PL iii. f. 5. S. 

diBjunctuB, ii. PL iv. f. 4. D, 

— glaber, ii. PL vi.'f. 5. C. 

Glinkanusy ii. PL iii. f. 8. D. 

granosusy ii. PL v. f. 3. DV 

— ^J^stericus, ii. PL vi. f. 12. P. 
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Spirifer inoralMtuf, ii. II. vi. f, S* C« 

" ■■■"— inittlaiih iL PL viiL f.7.. S. 

&iMbm,U.Fl.iiLf.7. (Ural)PaL 

— Lamavki, iL PL vL f. 6. C* 

lineattti^ il. PI. ri. f.S. C. 

— ^ — lyox (ind. Amer.), ii. R iii, f, $, S. 

(ind. Ru 08.\ iL^R iii. f. 4 . 

• Motquensit, ii. PL v. f.*2. C. 

muraUSi ii. PI. v. f. 5. D. 

MurchiflODianuB, ii. PL iv. f. 1. D. 

— — — ■ pachyrhynchusy ii. R iii. f.6. (Ural) D. 

— - Panderiy ii. PL vii f. 10. S. 

— porambonites, ii. PL ii. f. 3. S. 

quadriiradiatu8y ii. PL vi. f. 7. C. 

rectus, ii. R ri. f. 16. S. 

— reticulatus, ii. PI. ii. f. 2. S. 

rotundus, ii. R iL f. 4. S. • 

' SarancBy u. PL vi. f. 15. C. 

' Strangtoaysiy iL R vi. f. 1. C. 

— ^striatus, ii. PL vi. f. 4. C. 

strigoplocusy ii. PL iv. f. 2. S. 

subrectus, ii. PL ii. f. 5. S. 

superbus, ii. PL v. f. 4. Pal. (Ural). 

Tche^ini^ ii. PL ii. f. 1 , S. 

■ " tenticulumy ii. PL v. f. 7. D. 

■ ■■' sp. indet., ii. PL v. f. 6. D. * 

sp. indet., ii. PI. vi. f. 13. P. 
Strigocephalus^Burtini, ii.,Pl. viii. f. 6. Pal. (Ural). 
Terebratula acuminata, ii. PI. ix. f. 14. C. 

— Alifiemis, ii. PL x.,f. 15. D. 

■ » ' ambigua, ii. PL ix^. f. 12. C. 

.■ — ' apriniSi ii. PL x. f. 10. S. 

aptycha, ii. PL xlii. f. 22-25. O. , 

arimaspus, ii. PL x. f. 11. Pal. (Ural). 

aspera, ii. PL x. f.J3. D. 

Blddeana^ ii. PL ix. f. 17. C. 

— camelina, ii. PL ix. f. 5. S. 

■ ■ ' canali% ii. PL vi. f. 1 1. C. 

carnea, ii.*PL xliii. f. 21-23. Cret. 

concentrica, ii. PL viii. f. 10. D. 

f var., ii. PL viii. f. 11. P. 

Dtiboisiy ii. PL x. f. 1 6. S. 

elongata, ii. PL ix. f. 9. P. 

Fischerianay ii. PI. tlii. f. 27-30. O. 

— fissuracutay ii. R ix. f. 1. D. 

> " , Jusifarmis^ ii. PL ix. f. 8. C. 

Oeinitzianay ii. PL x. f. 5. P. ^ 


Terebratula gracilis, iL R xlui. f. 24-26. Cret. 

Helmersenii, ii. PL ix. f. 3. D. 

iTuo^imi, ii. PL X. f.4. D. 

— Livonioa, ii. R x. f. 3. D. 

Meyendorfiiy ii. PL ix. f. 15. D. 

— '■ nucella, ii. PL viii. f, 8. S. 

» nuda, ii. R ix. f. 6. S. 

octoplicata, ii. PL xliii. f. 15-17. Cret. 

oxiopticha, iL PL xlii. f. 11-13. 0. 

^ pectinifera, ii. PL viii. f. 12. P. 

personata, ii. PI. xlii. f. 18-21. O. 

pleurodon, ii. PL x. f. 2. C. 

pugnus, ii. PL X. f. 1. C. 

Puschiana, ii. PL ix. f. 10. D. 

radialis, ii. PL x. f. 9. C. 

— ■ reticularis, ii. PL X. f. 12. S.D. 

rhomboidea, ii. PL ix. f. 13. C. 

Roissii, ii. Pi. ix. f. 2. P. 

JRoyerianay ii. PL xlii. f. 33, 34. O. 

sacculus, ii. PL ix. f. 7. C. 

Schlotheimi, ii. PL viii. f. 4. P. 

Strcgeskianay ii. PL x. f. 6. Pal. (Ural). 

striatula, ii. PL xliii, f. 18-20. Cret. 

Strogonojii, ii. PI, xlii, f. 31, 32. O. 

suhcamelinay ii. PL ix. f. 4. S. 

sMepiday ii. PL x. f. 14. Pal. (Ural). 

superstesy ii. PL viii, f. 5. P. 

varians, ii. PL xlii. f. 14-17. O. 

Versilofiy ii. PL x, f. 7. D. 

Wilsoni, ii. PL x. f. 8. S, 

MoLLUSCA CoNCHlFERA. 

Allorisma regularis, ii. PL xix. f. 6. et xxi. f. 1 1 . C. 
Amphidesma pristinay ii. PL xx. f. 5. C. 

Area arguta, ii. PL xix. f. 12. C. 

concinnay ii. PL xxxix. f. 17, 18. O. 

— Kingianay ii. PL xix. f. 11. P. 

Lacordairiana, ii. PL xix. f. 13. C. 

Orelianay ii. PL xx. f, 3. D. 

SarcUqfensisy ii. PL xxxix. f. 11-13. O. 

■ Sibericoy ii. PL xxxix. f. 14-16. O. 

Astarte Buchiana, ii. PL xxxviii. f, 23-25. O. 

. Bubaisianay ii. PL xxxviii. f. 14-1 7« O. 

Jffosqiiensisy ii. PI. xxxviii. f. 18-20. O. 

— veneris, ii. PL xxxviii. f. 21, 22. O. 

Avicula Alberti, ii. PL xxii. f. 3. (Bogdo.) 

. antiqua, ii. PL xx. f. 13. P. 
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Avicula euneifmnitt ii. PI. xli. f. J 1, 12. O. 

lkUa%lanuBf !i. PI. xxii. f. 1. (B<^a) 

■ " ■ M- ■■ ■ eximia, ii. Tl. xxi. f. 10. D. 

FischerianOi ii- Pi- xli- i- 8-10. O. 

Kaaanensis, ii. PL xx. f. 1 4. P. 

semi-radiata, ii. PI. xlii. f. 35, 36. O. 

sericea, ii. PL xx. f. 15. P. 

9vhpapyracea, ii. PL xxi. f. S. C. 

tenuicostata, ii. PL xliii. f. 5-7* Cret. 

— Volgensis, ii. PL xli. f. 13. O. 

Worthii, ii. PL xxi. f. 1. D. 

Cardiomorpha sulcata, ii. PL xx. f. 2. C. 

Cardiuni concinuum, ii. PL xxxviii. f. 11-13. O. 

FitUmi, ii. PI. xliii. f. 38, 39. Cret. 

Ouralicum, ii. PL xx. f. 1 1 . C. 

Corbula borealis, ii. PL xli. f. 5-7. O. 

Cypricardia Deshayesiana, ii. PL xx. f. 1. S. 

rhombea, ii. PL xix. f. 15. C. 

Cyprina Cancriniana, ii. PL xxxviii. f.26, 27. O. 

Kilmerseniana, ii. PL xxxviii. f. 28-30. O. 

Edmondia unioniformis, ii. PL xix. f. 18. C. 
Exogyra reniformis, ii. PL xlii. f..9, 10. O. 

Fistulana Oxfordiana, ii. PL xl. f. J9~22. O. 
Gerviliia aviculoides, ii. PI. xli. f. 14, 15. O. 
Isocardia Tanais, ii. PI. xx. f. 6. D. 

Lima consoibrina, ii. PL xlii. f. 5-7. O. 

Phillipsii, ii. PL xlii. f. 8. O. 

Lithodomus Hermanianus, ii. PL xxxix. f. 31-33. O. 
Lucina corbisoides, ii. PL xxxix. f. 4, 5. O. 

Fischeriana, ii. PL xxxviii. f. 31, 32. O. 

Griffithi, ii. PL xx. f. 10. D. 

heteroclita, ii. PI. xxxix. f. 9, 10. O. 

' ifUBqualis, ii. PL xxxix. f. 6-8. O. 

— — Phillipsiana, ii. PI. xxxix. f. 1-3. O. 
Lyonsia Aldouini, ii. PL xli. f. 1 -4. O. 

Mactra ponderosa, ii. PL xliii. f.40, 41. Cret. 
Megalodon siiboblongus, ii. PL xx. f. 4. D. 
Myoconcha Helmerseniana, ii. PL xxxix. f. 1 9-21 . O. 
Mytilus avicfdoides, ii. PL xx. f. 7. D. 

' ■ - — Seaumonii, ii. PL xxii. f. 2. (Bogdo.) 

Fischeriana, ii. PL xxxix. f. 26-28. O. 

— — Pallasi, ii. PL xix. f. 16. P. 

Strajeskiana, ii. PL xxxix. f. 22, 23. O. 

Teplqfi, ii. PI. xix. f. 17. C. ^ 

Uralensis, ii. PL xxxix. f. 24, 25. O. 

vicinalis, ii. PL xxxix. f.29> 30. O. 

Nucula cardiiformis, ii. PI. xx. f. 9* C. 


Nucula Kazatmtsis, ii. PI. xix. f. 14^ P. 

sp. indet, ii. PI. xxi. f. 12. D. 

Oateodesma KuSaryana, ii. PL xix. f. 9- P. 

Ostrea fnaiereula, ii. H. xxi. f. 13. P.r 
Pbnopeea anHquata, ii. PI. xl. f.4, 5. O. 

Lepechiniana, ii. R. xl. f. 8, 9. O. 

Quakmana, ii^ Pl/:xl. f. 6, 7. O. 

peregrina, ii.Tl. xl. f. 10-12. O. 

Pecteu Bottei, ii. Pl.^xxL f. 6. C. 

demi^us, ii. PL xli. f. 16-19. O. 

ellipiicus, ii. PL xxi. f. 8. C. 

■ ■' fibrosus, ii. PL xlW. f. 3, 4.» O. 

Ingrise, ii. Pi. xxi. f. 2. D. 

Kokcharofi, ii. PL xx. f. 16. P. 
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^ Erroneously referred to in text, p. 430, as PI. V. 
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CHAPTER I. 

INTRODUCTION. 

Origin and Progress of the Palaeozoic Classification of the British Isles explained . — 
Its recenj: extension to various parts of Western Europe^ America^ 8fc. — Its applica^ 
tion to Russia, Scandinavia and the Ural Mountains, the chief object of the authors 
in this work, — General outline of the contents of the work, 

9 

One of the great objects which geolpgists have of late years been striving to 
attain, is a knowledge of the order of the older sedimentary strata and of the 
organic remains thejr respectively contain. 

Among the questions involved in this inquiry, several at once present themselves. 
Are these plder rocks, for instance, made up of various formations as distinguish- 
able from,eacli other by their imbedded fossils, as certain younger deposits which 
had previpusly been studied ? Is a regular succession to be traced downwards 
from formations, the position and contents of which were well-known, to other 
undescribed beds of far higher antiquity ? Can we, by such a process, lay open 
the earliest vestiges of animal life, and amid palseoA>ic forms, trace backwards 
primaeval histbiy to a protozoic type ? And if so, can we separate such protozoic 

B 
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Strata from those which went before them, and were deposited ere life had been 
breathed into the waters? If such questions could be satisfactorily answered, 
then, indeed, would geology not merely have developed a wondrous sutcession of 
the ancient works of Nature, but young as she is among the sciences, would have 
been the first to afibrd undeniable proofs of a beginning. Such, at all events, are 
among the problems which we have been endeavouring to solve during the last 
fourteen years, by examining the earlier productions of the earth, and by researches, 
in the field carried on through variouiS parts of Edrope and along the borders 
of Asia. • . 

Geologists have generally admitted, that those labours in the British Isles, which 
terminated with the establishment of the Silurian system, made the first unequi- 
vocal step in this inquiry, by affording clear evidences of a natural descending 
order, from the Carboniferous formations, tfiat had previously bejn well illus- 
trated ', down to a group of deposits essentially differing from all above them in 
the various forms of animal life which they contained. To these peculiar lower 
deposits, whose members were then first classified and their fossil remains de- 
scribed, one of the authors of this work applied a term derived from a region for- 
merly occupied by the British Silurian people, and affording clear evidences of a 
certain order and succession in primaeval life. In addition to the establishment of 
a normal distinction between the Carboniferous and Silurian .strata, it was then 
also shown, that certain accumulations of great thickness, separating these two 
groups, and long known under the name of the Old Red Sandstone, were charac- 
terized, as in Scotland, by ichthyolites, which in the Silurian region were perfectly 
distinct in form from any remains of that class in the carboniferous beds above or 
in the Silurian strata below. At the period when these chief results were pub- 
lished, the Old Red Sandstone had afibrded no remains whatever of mollusca ; yet 
judging from the enormous thickness of this system of rocks, as well as from the 
diversity of character of the fossils found in the overlying and underlying forma- 
tioosi we suggested, that should future researches bring to light mollusccois remains 
in the Old Red Sandstone, they; would, like the ichthyolites, be found to be peculiar 
to the intermediary xbcks in which they were entombed*. This surmise; has been 

' See the work of Profeisor Phillips* * Geology of Yorkshire** vol. ii.* which contains the earliest good 
monograph of the organic contents^f the Carboniferous system of England. * 

* See Silurian System* p. 585. Although that work bears the date of 1839, we may observe that it 
was really completed in 1838. The term Silurian and the classification implied thereby^ were indeed pro- 
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realized by a train of inquiries which proved, that the group of fossils which occur 
in the calcareous slaty rocks of Devonshire were of the same age as the Old Red 
Sandstone? A new^ survey of Devonshire established, in short, the fact, that 
though they had previously been considered to belong to the older grauwacke 
rocks, large massea of schistose deposits overlying certain limestones and slates 
of that country and of a small part of the adjacent county of Cornwall, were 
nothing more than equivalents of the carboniferous series; and subsequent in- 
quiries showed that the subjacent strata, into which the carboniferous formations 
appeared to pass conformably downwards, occupied the place of the Old Red 
Sandstone'. 

It being thus shown that these lower rocks, though black and slaty, contained 
shells, which, when the formation was developed in its sandy and red characters, had 
never been foynd in it, the term ” iTevonian System” was proposed as a synonym, 
if not as a substitute, for that of “ Old Red Sandstone,” the lithological import of 
which had led to much confusion, and had prevented the comparison of various grey, 
black and slaty deposits of Europe with the Old Red Sandstone of the British Isles. 
As, hoWever, it might have been possible, that the distinctions pointed out in the 
British Isles were local, the authors, who had suggested this change of nomencla- 
ture, next undertook an extensive survey of the Rhenish Provinces, including the 
Hartz district and Franconia on the one side, and Belgium and the Boulonnais on 
the other, in the latter part of which they were accompanied by M. de Verneuil. 

This inquiry may be said to have verified and established in that part of the conti- 
nent of Europe, a portion of the palaeozoic classifications first worked out in England. 
It proved that rocks immediately beneath those having a true carboniferous type, 
assumed the same characters and contained many of the same shells as the rocks 

pounded by Mr. Murchisgn (after four years of previous labour) in July 1835, and the system was then 
tlivided into Upper and Lower Silurian rocks, each containing subordinate formations. (See Lond. and 
Edinb. Phil. Mag., vol. vii. p. 46, with a section explaining the relations.) The term Devonian was first 
applied in 183^9, or immediately after the publication of the Silurian System. 

^ See the membirs of Professor Sedgwick and Mr. Murchison, Trans. Brit. Assoc, for the Advancement 
of Science, 1^36, Sect. Trans, p. 95 ; Trans. Geol. Soc., 2nd series, vol. v. p. 633 ; and Lond. and Edinb. 
Phil. Mag., April 1839, pp. 241, 354, where the term Devonian was first proposed. From an examination 
of certain organic remains collected in South Devon by Mr. Austen, Mr. Lonsdale had previously sug- 
gested that these forms were of characters intermediate between those of the Carboniterous and Silurian 
systems, and consequently of the age of the Old Red Sandstot . (See Geol. Soc., 2nd series, vol, v. 

pp. 690, 696, and 721. See also the work of Sir H. T. De la Beche, ‘ Geological Report of Devon and 
Cornwall,’ and th? Palceozoic Fossils of Devon and Cornwall, by Professor Phillips.) 
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in Bevotoahke, the whole reposing upon ancient granwacke masses, which, how> 
ever poor in calcareous matter and fossils, apparently represented a portion of the 
Silurian system of the British Isles. The proofs of this German suc^ssion are 
to be found in the 6th volume of the Transactions of the Geological Society of 
London^; the chief geological inductions of the English authors, Professor Sedg- 
wick and Mr. Murchison, are there sustained by an elabo^te analysis of the De- 
vonian organic remains by M. de Verneuil and Vicomte d’Archiac. 

But although the classification of these ancient formations was thus in great part 
established, the questions of what is the protozoic type, and wHether'a distinct and 
peculiar assemblage of fossils could be discovered in rocks of higher antiquity 
than the Lower Silurian, had not yet been completely grappled with, — questions, 
indeed, not even approached by the investigations in any part of Germany. In 
short, it still remained to inquire whether the older Cambrian slates were so cha- 
racterized, and whether they were entitled to be considered a separate zoological 
system ? And here it is right to acquaint geologists who may have misapprehended 
its meaning, that the term Cambrian was applied by Professor Sedgwick to the 
great slaty and partially fossiliferous group of North Wales, the chief relations of 
which he defined as early as 1833, distinguishing it from an upper group in 
Denbighshire. Unfortunately ill health and other circumstances prevented his 
examining and describing the fossils he had collected, and thus the types of the 
lower rocks of North Wales were unknown when the Silurian divisions were pro- 
posed and established. At that time, indeed, Professor Sedgwick believed, and in 
this opinion Mr. Murchison coincided, that when developed, these Cambrian organic 
remains, at least all the lower part of them, would prove to* be distinct from the 
Lower Silurian types, which as a whole seemed to repose upon the slaty and cry- 
stalline rocks of North Wales. When this division was first suggested, it was, 
however, shown, that many of the most common fossils of the Lower Silurian type 
descended into the so-called Cambrian rocks. Speaking of the Orthida^ Leptanee 
and other shells which had even then been found in the latter, Mr? Murchison 
said, “ As these shells abound in the Lower Silurian rocks, it would seem that as 
yet no defined line of zoological division can be drawn between the Lower Silurian 
and Upper Cambrian groups, and that as our knowledge extends we may probably 
fix the lower limit of the Silurian system beneath the line of (demarcation which has 
for the present been assumed.” And further, the same opinion is more strongly 

* pp. 221 et seg. * 
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et^rced in these words : ** To what extent the same species of shells which cha> 
racterize the Lower Silurian rocks descend into the Cambrian system has not yet 
been satisfactorily determined, nor can it be until the oldest fossiliferous rocks of 
Cumberland, Wales and Devonshire, are brought into close comparison, and their 
specific contents Accurately determined.” (Sil. Syst., p. 308.) 

Judging from theiif infraposition, their great thickness and distinct lithological 
characters, it was, indeed, presumed, chiefly from the analogies of the overlying 
deposits, that the lowest stsTge of these slaty rocks might be found to contain a class 
of organic remains peculiar to themselves. Subsequent appeals to nature have, 
however, decided otherwise. In the slaty tracts of Cumberland and Westmoreland 
Professor Sedgwick has satisfied himself, that the earliest organic remains which 
can be traced, are no others than those published from the Caradoc sandstone or 
uppermost j)art of the Lower Silurian ; the great subjacent series being filled up 
with igneous, crystalline slaty rocks. Again, having recently revisited North 
Wales, the structure of which he long ago described, and where the series is infi- 
nitely more developed, he has come to the conclusion, that the oldest tracts of that 
countty do not contain any group of fossils differing from those of the Lower 
Silurian type*. In the mean time, through the valuable labours of Sir Henry 

' Professor Sedgwick was unquestionably the first geologist, after Mr. Jonathan Otley, who attempted 
to classify and map dh an extended scale the rocks of Cumberland and Westmoreland. Since that time 
the detailed structure of that country has been worked out by himself and other authors, including Pro- 
fessor Phillips, Mr. James Marshall and Mr. D. Sharpe : for an acquaintance with whose memoirs the 
reader must consult the Transactions and Proceedings of the Geological Society of Loudon and the Phi- 
losophical Magazine (see also the General Sketch of the Geology of the Lake District in a series of letters 
to Mr. Wordsworth by Professor Sedgwick, 1842). In North Wales, Mr. Bowman performed some good 
service, by developing the exact equivalents of ^certain Upper Silurian rocks in a tract where they have 
assumed a very slaty character, and Mr. D. Sharpe instituted certain tabular comparisons between the 
Silurian groups of Nofth Wales, Shropshire and the north of England. 1 his is not, however, the place 
to offer an exact historical sketch of these labours, still less to enter upon any discussion of the relative 
merits of memoirs, all of which more or less go to show, that despite of variations in mineral character, 
there are both Lower and Upper Silurian groups in all these tracts. 

On the preifent occasion we would siraidy state, that as Professor Sedgwick led the way in deciphering 
the physical structure of North Wales, so after a full re-examination of both countries he has shown, that 
with a gseat expansion of equivalents of the Ludlow and Wenlock rocks in the lake districts, there are 
there no organic remains of higher antiquity than the very upper part of the Lower Silurian rocks ; and 
that however differing in mineral characters and containing a few species hitherto undescribed, all the 
great inferior slaty mas4bs of that region and of North Wales ar| the equivalents of those to which the 
term Lower SUurian had been applied (see Map and Tables, Quarterly Journal of the Geological Society*- 
of London, voll i., and memoir read before that Society, March 1845). 
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Dft :3a Beche, Profess PliiUips and tbe Ordnance Qeologicid surveyors, large 
traota of South Wales, which also had been grouped as Cambrian by Professor 
Sedgwick and Mr. Murchison, have not only been proved to contain the «ame ty> 
pical fossils as the Caradoc sandstones and Llandeilo flags, but also to be for the 
most part mere replications and expansions of those Lower Siliirian strata, assu> 
ming, however, to a great extent distinct lithological characters, due to numerous 
eruptions of igneous matter'. In North Wales, we have indeed convinced our> 
selves by personal examination of the flanks of Snowdhn, that the most abundant 
organic forms of the oldest fossiliferous slates are certain species of prthida and 
LepteBTUB, which also abound in the typical Lower Silurian strata ; and we there* 
fore believe, that whilst the Snowdonian slates may be considered the lowest fossil 
stage in Britain, they are so zoologicaUy united, that they cannot be geologically 
separated from the inferior strata of the Silurian Region. From all these data then 
it followed, that the Cambrian system became identified with the published zoolo- 
gical type of the Lower Silurian rocks. We may now further state our belief, that 
in the British Isles, as in every other part of the world in which they have been 
observed, the Lower and Upper Silurian groups are so bound together by •fossils 
common to the upper part of the one and the lower part of the other, that they 
really constitute one natural system ; though in most instances they may be use- 
fully distinguished on geological maps by diflerent tints of the sa^e colour. 

Such having been the progress made in the British Isles, from the period when 
this classification began to be worked out, down to the day at which we write, let 
us now cast a view over the contemporaneous advances of palmozoic knowledge in 
other parts of the world. And, first, we may speak of Germany and Belgium. 
Though represented by thick masses of slaty grauwacke, particularly in the axis 
of the Ardennes, the Silurian type, such as we have described it, is very feebly 
represented by fossils, either throughout the Rhenish province^*, or in the more 

• See Mr. Murchison's Address to the Geological Society of London, 1842 (Proc. Geol. Soc*., voL iv. 
p. 75), in which these observations of Sir H. De la Beche and his followers are noted. The complete and 
detailed elaboration of all the Upper and Lower Silurian rocks of North Wales, will, indeed,*be one of 
the important results of that government survey, which will, doubtless, be rendered doubly v^uable by 
the zoological illustrations of Professor Phillips and Professor £. Forbes, and by the clear and methodical 
£eld work of Mr. Ramsay and other geological surveyors. 

* In his very instructive work, ** Das Rheinische Uebergangs Gebirge, 1844,” Dr. F. Roemer has indeed 

endeavoured to shoWi that all the fossiliferous grauwacke of the Rhenish provinces, as well as its overlying 
limestone, ought, from its fossils, to be classed as Devonian. ^ 
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eastern tract of the H«urtz. Again, in Franconia and the country around Hof, 
upon the southern flank of the Fichtelgebirge, true carboniferous and Devonian 
rocks exist, like those of the Rhenish and Belgian tracts ; but the lower grauwacke 
series is, it must be admitted, a very imperfect representative of the Silurian system, 
though a tract of jslaty rocks around Schleitz in which Graptolites abound, is really, 
we think, of that age.* Throughout large mountainous tracts in central Germany, 
as in the Riesen Gebirge, and particularly in the eastern termination of that chain 
between Breslau and Glatz,* where there are distinct carboniferous and Devonian 
limestones (the former overlaid by a productive coal-field), no Silurian strata can 
be detected. Thus also is it in the southern portion of the kingdom of Poland (for 
we have recently examined all these tracts), where the mass of the palaeozoic rocks 
around Kielce, and formerly described by J*usch, are unquestionably Devonian, 
and are succeeded on the west b^ carboniferous limestone and a great productive 
coal-field. Thus, indeed, in Northern Moravia, the oldest limestone wherein or- 
ganic remains have been found, must also be considered Devonian. 

In one tract, however, of Germany, — in that, namely, around Prague, — which 
has bdlen long celebrated for the number and beauty of its Trilobites, and where 
favouring sedimentary conditions prevail, the Silurian strata are richly developed. 
In a journey through Bohemia in 1843, we were much gratified to find, that by 
assiduous labours, M. Barande had made a copious collection of fossils in the en- 
virons of that city, and had identified many of them with published Silurian types. 
The collections of this geologist, from the limestones and shales of the district 
around Prague, present an assemblage which leaves no doubt of the age of the de- 
posit. Thus amongst the corals and Graptolites, are found the Catenipora escharoides 
and Graptolites Ludensis ; among the Brachiopods, Leptana euglypha, L. depressa, 
Terebratula Wilsoni, Terebratulu reticularis, with Cardiola interrupta, &c. In a pro- 
fusion of chambered shells (and forty-five forms of Orthoceratites have already 
been collected), the Orthoceras Ludense, 0. gregarium, 0. excentricum, have been re- 
cognized, with Lituites, Cyrtoceras, Phragmoceras, and Gomphoceras, some of the 
species of which, if not absolutely identical, approach very closely to the pub- 
lished U^per Silurian forms ; whilst amidst a multitude of Trilobites, the Asaphus 
caudatus and Calymene macrophthalma are unquestionable t)q)es of that age. 

The strong analoj^y between the Silurian rocks of Bohemia and England is still 
further sustained by evidences of a Lower Silurian group composed of quartzose 
sandstones, hi which Trinuclei have been found, one of which is undistinguishable 
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from T.Caraetaci. The assiduous exertions of M. Baraude have thus demon- 
strated by fossil evidences, what we longed to have the power to assert, — the 
presence of an unequivocal Silurian system in the very heart of Germany^. 

In France the oldest paleeozoic rocks are also Silurian, but owing to the meta- 
morphosed nature of many of the tracts in which they occur, it, has not yet been 
practicable to work out accurate boundary-lines between the* different subdivisions 
in ascending order ; particularly on the flanks of the Pyrenees. We are, however, 
sanctioned by the distinguished authors of the great* geological map of France* 
in believing, that, on tbe whole, a succession like that in the £ritisji Isles pre- 
vails. From our own knowledge we should be disposed to state, that in Brittany* 
and the adjacent tracts of Normandy, strata of Devonian age (Nehou, Izd, La 
Bacconi^re, &c.), containing many fossils in their calcareous members, repose upon 
great masses of slaty schists and quartz rock, Vhich at Angers, La Hunaudi^re, 
Bain and Vitrd in Brittany, and Siouville and May in Normandy, are charged with 
Silurian Trilobites and Graptolites. Among the characteristic and abundant Trilo- 
bites are the Calymene Tristani, Ogygia Guettardi, and a large Illsenus approaching 
to /. crassicauda, though considerably larger, and named by M. Burmeister, 
I. giganteus*. 

In the Boulonnais the palaeozoic series has already assumed the Belgian and 
Rhenish type®, exhibiting a clear descending order from a Carboniferous to a 
Devonian formation, each loaded with typical fossils, and underlaid by ill-deve- 
loped Upper Silurian shale with Graptolites. 

In comparing the Silurian deposits of different parts of France with those of 
Spain, it is interesting to observe, that the Silurian type of Brittany is extended 
southwards into the north-western territories of Spain, particularly the Asturias. 

* Whilst we write, we find that M. Emmerich has just publislied an important memoir on Trilobites, 
through the aid of which class of fossils only he recognises the different stages in palaeozoic series ; and 
his opinion agrees with the conclusion at which we arrived on the spot, that the rocks of Prague are Silu- 
rian (see Leonhard’s Journal, 1845). 

« M. Dufrenoy and M. Elie de Beaumont M, Durocher has recently attempted to divide tile palaeozoic 
rocks of the Pyrenees, but without reference to fossils. Ann. des Mines, tome viii. • 

< Whilst Mr. Murchison was visiting the interior of Germany and Poland (anno 1843), I^. de Ver- 
neuil, accompanied by M. d’Archiac, was examining the palaeozoic rocks of Brittany. 

* See M. Burmeister’a excellent new work on Trilobites, which has already obtained high commenda- 
tion from distinguished naturalists. ^ c 

* See Mr. Murchison's description of the Devonian rocks in the Boulonnais. Bull. Soc. O^ol. Fr., 
vol. viu. 
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From the recent researches of M. Paillette it would appear, that beneath certain 
strata laden with characteristic Devonian mollusca {Terebratula concentrica, and 
other forms allied tp that species, with Leptana Dutertrii, Sic.), are slaty schists 
which that author identifies with the Silurian schists of Brittany, and containing 
the Calymene Tristdhi, so distinctive of the Breton slates'. 

Whilst such has beenlthe progress in the extension of the palaeozoic classifica- 
tion to different parts of Western Europe, its truth has been conspicuously sus- 
tained by researches in the New World. No sooner were the Silurian rocks distin- 
guished by their fossils and position from all overlying deposits, than several 
geologists of the United States showed, not only that large masses of the Alleghany 
or Appalachian chain were composed of them, but also that enormous coal-fields 
on its western and northern flanl^s were deposited on a series of strata very 
analogous to 4he Silurian rocks of Great Britain. Already geologists of several 
of the states have so far published their outlines, that the symmetry of succession 
common to their country and Europe can no longer be doubted. Copious as are 
the subdivisions, to which they have applied numerous local names, we can at once 
recognize in their published fossils, not only the existence of Lower and Upper 
Silurian groups, but also a true Devonian system, the whole forming the base of 
the vast carboniferous deposits of the west*. And if any doubt could have been 

* That some of the Spanish schists are of true Silurian age, is established by their having been found 
to contain (in the Sierra Morena) the Calymene Tristani, so characteristic in Brittany. According to 
M. Paillette, certain strata, charged with many Devonian mollusks, repose in gentle undulations on beds 
loaded with coal and plants of the carboniferous age (Arnao). If this observation should prove correct, 
it will still more develope phenomena respecting the extent to which land plants descend into the palaeo- 
zoic rocks, — ^phaenomena to which Professor Sedgwick and Mr. Murchison alluded in their memoir on the 
Rhenish Provinces (Geol. Trans., vol. vi. p. 262.). • 

* The brothers Professor W. B. and H. D. Rogers, have already published some of their general views, 
which will be followed by detailed maps and sections, and illustrations of the structure of the Appalachian 
chain in Virginia and Pennsylvania. Mr. Conrad has made us well acquainted with many of the Silurian 
species of Mollusca, and has, by means of the tiilobites alone, divided the system into three groups 
Dr. Dale Owe^ communicated a memoir on the geology of the region of Indiana, with its great coal- 
fields and subjacSit palssozoic rocks, to the British Association and Geological Society of London. 
Dr. Emmons, besides his Report of the northern part of New York, has just published a work, entitled 
the * Taconic*Sy8tem,' descriptive of the oldest slaty fossiliferous rocks in Massachussets and the sur- 
rounding states, which is possibly the equivalent of those fucoidal strata which in the countries we are 
about to describe form the base of the Silurian system ?. Dr. Troost of Nashville has described the fos- 
siliferous Silurian divisions of Tennessee. To Mr. Vanuxem we are* indebted for a volume on one of 
the four districts into which the extensive etace of New York was divided. Mr. J. Hall has recently 
put forth his detailed researches made during the New York survey, in a clear and copiously illustrated 



UPPER SILURIAN AND DEVONIAN OF NORTH AMERICA. 


entertained, it has been at once dispelled by the collections brought to England 
by Mr. Lyell, and submitted by him to our examination, whilst he was preparing 
for the public eye a work and map, in which the parallelism pf the American with 
the British succession will be clearly pointed out. Notwithstanding the number 
and variety of new forms peculiar to that continent, we • there find a sufficient 
number of species, either identical with, or closely allied to those of Europe, to 
enable us to recognise the development of the same series of phsenomena. There, 
for example, as is the case in Russia, the most ancient mollusca are Brachiopods, 
void of an articulated hinge, and provided with a horny shell. The lower sand- 
stone of the tracts near Lake Champlain, so copiously charged with fragments of 
Lingulae, that they mark the lamination of the rock, and almost give to it a 
micaceous aspect, are therefore strikingly analogous to what has been described 
as the Ungulite grit of St. Petersburgh*. Above the sandstones occur the Trenton 
and blue limestones, fully developed in North America, and charged with Trilo- 
bites characteristic of strata of the same age in Northern Europe. Among, these 
Trilobites we have but to name IHesnus crassicauda and Asaphus expansus, with 
Trinucleus and Isotelus, to show at once how these forms represent the most nu- 
merous and characteristic species of the Lower Silurian strata of Northern Europe. 
Such also is the position of that most decisive coral the Chatetes (Favosites) Petro- 
politams and of the shell Spirifer lynx, the varieties of which, abundantly difiiised 
through the states of Ohio, Tennessee, Kentucky and Indiana, occupy exactly 
the same geological position as in Russia and Scandinavia. Lastly, besides certain 
Graptolites, this lower stage terminates, in ascending order, with a calcareous band 

O 

volume, the mere inspection of which led us at once to infer, that in the vast series which he simply de- 
signates the New York System,'* the Devonian, Upper Silurian and Lower Silurian rocks are clearly to 
be distinguished. It is somewhat remarkable that the Ludlowv^ile rock of tjhis author seems to be the 
exact equivalent of the Ludlow rocks of England ! So numerous is the list of American authors who have 
written on the older rocks of their respective states, that we cannot now mention, still less do them justice ; 
though we must not omit to notice Professor Hitchcock, who so fully described the geolo^ of Massa- 
chussets, and Dr. Oreen, whose monograph on the Trilobites, published some years ago, clearly indicated 
the existence of Silurian rocks in that country. Nor can we conclude this note without sitating, that in 
addition to a previous general application of English classification to the chief sedimentary deposits of the 
United States, Mr. Featherstonhaugh placed in a general way the lower strata of the Alleghany chain on 
the parallel of the Silurian system as early as the year 1836. 

1 See Proc. Oeol. Soc. of Lon4pn, abstract of Memoirs read in April 184^, at which time the authors 
of this work had not drawn the true distinctions between the Lower and Upper Silurian rocks of Russia. 
Pander’s Beitrage, and Chapter III. of this work. 
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loaded with Pentamerus oblongua, the very fossil by which we have distinguished 
the, same zone in the British Isles Norway and Sweden I 
The gr^t abhndfince of corals constitutes in the United States, as in the old 
continent, the striking feature of the Upper Silurian rocks, and, as with us, the 
Catenipora escharoides, Favosites Qothlandica and F. alveolaris there form massive 
reefs. These coralline i^cks may, without hesitation, be grouped with the Wenlock 
limestone ; for it is in this stage also that the Calymene macrophthalma, C. Blumen- 
hachii, Bumastus Barriensis, Asaphris caudatus, Homalonotus delphinocephalus also 
occur, with several mollusca, which remind us of the European fauna of this 
formation*. 

The Silurian system, thus clearly divisible into two groups, is overlaid in the 
United States by shales, sandstones and flagstones’, which must be referred to the 
Devonian system, for they contain, in eftect, the very fossils which we have pub- 
lished as characteristic of that age from the Boulonnais in France and the Rhenish 
provinces, among which are the Spirifer Verneuilli and Orthis crenistria or umbra- 
culum. The beds are crowned by a red sandstone with peculiar fishes, which 
every one must at once admit to be characteristic of the Old Red Sandstone of 
the British Isles. If, however, from this fact some persons might suppose, that a 
division were practicable between the Old Red Sandstone and the Devonian shelly 
limestone, we beg .to refer, not only to our memoir upon the Rhenish provinces 
before cited, but also to the third and fourth chapters of this work, wherein 
proofs will be adduced of the absolute intermixture of these ichthyolites and 
shells in the very same strata. Lastly, the Carboniferous system is distinguished 
in North America as elsewhere by its Producti, whilst the coal-beds contain plants 
for the most part identical in species with those of Europe, and by shells, such as 
the Bellerophon Urii and Euomphalus carbonarius (Sow.), which are undistinguishable 
from species of the Scottish coal-fields*. 

* This is the Hordcrly and Woolhope limestone of the Silurian rocks (sec Sil. Syst. p. 217, 414, 419). 
We shall shoy in the sequel the exact jiosition of this limestone in Norway and Sweden, where it contains 
the same species W Pentamerus, which in Russia is represented by our P, borealis. 

* We may here further mention some of the true Upper Silurian molluscous species that we have 

recognised in the collection of Mr. Lyell. Cytherina alia (very near to C. Baltica), Terebratula Wilsoni, 
Atrypa aplaerica, Pentamerus {Atrypd) galeatus, Leptmna depressa, L. euglypha, Orthis canalis. From the 
work of Mr. J. Hall we may further cite the Wenlock species Spirifer cardiospermiformis and Hypan- 
thocrinites decorus (see Silifrian System, p. 630, 672). ^ 

* The TuUy, Oenessee, Portage and Chemung groups of Mr. J. Hall. 

^ M. de Vememl recognised these good British types in a collection brought by Mr. Lyell from certain 
beds of shale at Frostburg in Maryland whj<^ rest directly on a bed of coal. 
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Judging from the numerous Orthoceratites and Trilobites long since supplied 
to us from the British colonies of North America, we were, indeed, well aware, that 
the strata to which we affixed the term Silurian must there wide ex- 

tension ; and this general point was sustained by the publication of numerous 
Silurian fossils from that region by M. de Castelnau>. But even whilst we write, 
new data crowd upon us from the researches of Mr. Loga^ and Captain Bayfield', 
which more clearly indicate the exact nature of the palaeozoic succession in those 
regions, and show us how analogous it is to that of Europe. The Lower Silurian 
rocks are well-developed at the Falls of Niagara and in various })arts of the Canadas 
and Nova Scotia, where they rest, it appears, on gneissic and granitic rocks, just 
like similar beds in Scandinavia, which are described in the next chapter. The 
northern side of the Gulf of St. Lawrence is composed of more ancient crystalline 
rocks, whilst the Lower Silurian occupy the isles of Mingan and Anticosti. In the 
collections made in these islands by Captain Bayfield, we were delighted to recognise 
our Russian friends Ilhmus crassicauda, Orthoceratites duplex, Spirifer lynx and Lep- 
t<ena Humboldti, and still more to find that this group was there (as in England and 
Scandinavia) overlaid by limestones containing the Pentamerus oblongus. Again, 
the north coast of Newfoundland ofiers a like succession, for near Norman Cape 
the Orthoceratites duplex and Euomphalus qualteriatus, both characteristic Lower 
Silurian types in Russia, are associated with other Orthoceratites and chambered 
shells, some of which are allied to Nautili and Lituites, as in the Bay of Chris- 
tiania. The same enterprizing naval surveyor (Captain Bayfield), has further 
observed the junction of the lowest Silurian deposits with the subjacent crystal- 
line rocks along a frontier of not less than 2000 miles, or from the Straits of Belle- 
isle on the north-east, to the end of Lake Superior on the south-west* ; whilst from 
this grand base-line, an ascending succession has been traced eastwards and south- 
wards, through Upper Silurian and Devonian, to the Carboniferous deposits of New 
Brunswick and the United States. 

Extending our views from North to South America, we have to thank M. Alcide 
d’Orbigny for a splendid geological work, in which he has endeavoured to sketch 
out, through many degrees of latitude, the great subdivisions of the Silurian, De- 
vonian and Carboniferous series; whilst Mr. C. Darwin had long ago satisfied us of 
the existence of Lower Silurian rocks in the Falkland Isles^ We can now there- 
fore affirm, that throughout the western hemisphere, from the far north to isles 

€ 

> Syst&aie Silurien de TAmdrique Septentrionale. 

^ See Memoir read before the Geological Soc^ely of London, March 1845. 
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almost within the antarctic circle, the palmozoic deposits succeed each other in the 
same order as in the British Isles. 

By our own res^rches it is shown, that the same palseozoic order extends from 
the typical countries of Western Europe already explored, through Scandinavia 
into Russia, and thence into Asia. In justice, however, to the adventurous 
explorers of the northj|eastern and southern parts of Siberia, we must state that we 
owe what acquaintance we possess of those lands not only to the published account 
of Baron Humboldt and Mr. G. Rose, but also to the travels of M. Adolph Erman, 
M. de TchihatchelF and Professor Middendorff'. 

In Hindostan, so eminently British, we regret to say, that although the secondary 
rocks of that district have been to some extent described, and the tertiary deposits 
on the south flank of the Himalaya, with their extraordinary fossil contents, have, 
in the hands of British officers, thrown a flood of new light on the characters of 
the fauna of that recent period, no well-defined and precise labours have yet been 
deViOted to the older rocks of the vast peninsula of India ; a fact the more extra- 
ordinary, when it is recollected, that without such researches those to whom the 
government of that country is entrusted can never really distinguish its old and 
true coal strata from those of comparatively worthless character. 

In Africa, particularly in its southern extremity, we are acquainted with Silurian 
rocks containing characteristic Trilobites and other organic remains, though in 
respect to their details and succession w'e can do no more than refer to what we 
formerly said of them (see Silurian System, p. 217.). 

Through the labours and collections of M. Strzelecki and other travellers, we 
learn that in Austialia there are deposits loaded with fossils analogous to those of 
our carboniferous group, one of which approaches to the Productus antiquatus, 
another is a Conularia very near to C. quadrisulcata, and these deposits repose on 
strata in which corals of Devonian age have been discovered. 

Lastly, we come to the consideration of the extensive investigations which wc 

1 M . A Crman has published a geological map of Siberia and several Silurian fossils from tlie banks 
of the Le^a in 57° north latitude. (Archiv fiir Russland, vol. iii. pp. 161 and 542.) M. Pierre de Tchi- 
hatched has explored the higher tracts of the Altai mountains bordering on China, from the Irtysh river 
to the Yenisei, where he observed a copious development of Devonian and carboniferous rocks. (Voyage 
Scientifique dans I'Altai Orientale, &c.) Professor MiddendorfF, after thoroughly exploring the Taimyr 
region of the far north, Jias retraversed Siberia to the extreme south-east or to the Shantar Isles in the 
Sea of Okhutsk! and has shown that vast tracts, extending over^he Stanovoi mountains and along the 
Amur frontier gf China, consist of carboniferous and other palaeozoic deposits, with granites, greenstones ' 
and metamorphic rocks. (See Bull, de I’Acad. de St. Pdtersbourg, Dec. 1844.) 
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have ourselves made in Scandinavia, European Russia and the Ural Mountains. 
This appeal, we have no hesitation in saying, has unequivocally sustained the 
conviction, that whilst the Lower Silurian is there the lowest fo^siliferous type, 
it is also the base of a series composed of overlying formations, very distinctly 
referable to the Upper Silurian, Devonian and Carboniferous groups. We may, 
indeed, assert, that as the proofs of these natural divisions tjfere extend over a very * 
large portion of the earth, and in a completely unaltered state, so are they still 
more clear than those offered by any one region hitherto examined. In the north 
of England, for example, the palaeozoic succession is broken * for the Old Red 
Sandstone is a mere conglomerate without fossils, and although the Upper Silurian 
rocks are copiously developed in a slaty and subcrystalline form (the beds con- 
taining many fossils), the place of the Lower Silurian, with the exception of the 
uppermost strata, is occupied by great masses of chloritic schist, alternating with 
countless, contemporaneous ribs of porphyry, as well as with trappaean conglome- 
rates and slaty beds derived mechanically from materials of igneous origin*.. In 
Scotland, where the old red formation is copiously spread out in sandstone, shale 
and conglomerates, and contains many ichthyolites, it is void of mollusks, and the 
schistose rocks which succeed to it have been as yet but obscurely characterized 
as Silurian by their organic remains, though certain bands with trilobites, corals 
and other fossils have been observed in the Galloway hills, which, overlying the 
older grauwacke, must, we think, belong to the Upper Silurian group*. Even in 
the typical Silurian region, where the stratigraphical order and succession are so 
unequivocal, the Old Red Sandstone contains, as before said, no shells ; and in 
Devonshire, where shells abound in the same system, no fishes have been seen and 
a few broken portions only of Silurian rocks Jiave recently been recognised in Corn- 

w'alP- Again, in most of these tracts, as well as in the Rhenish provinces, the 

• 

' See Professor Sedgw'ick’s memoir read before the Geol. Soc. of London, March 1845. 

* See Professor Sedgwick's memoir, Proc. Geol. Soc. voL iii. p. 553. Some years ago Graptolltes 
were, indeed, discovered in the schists of Wigtonshire by Mr. John Garrick Moore (Prooi Geol. Soc. 
vol. iiL p. 277), and even whilst we write, we have seen Orthoceratites from the black schists of JSt. Mary's 
on the southern shores of Kircudbright, recently found there by the Earl of Selkirk, which are unques- 
tionable Upper Silurian forms. • 

^ By the discoveries of Mr. C. W. Peachy shells and fishes apparently belonging to the uppermost beds 
of the Silurian system have been recognised between Looe and Fowey in Cornwall. Mr. Peach indeed 
believes, that several fossils of other md lower formations of the Silurian system also occur in Cornwall ; 
but the very imperfect condition of these bodies and the absence of stratigraphical order have hitherto 
prevented very decisive identifications. (See 31st Report of the Royal GeoL Soc. of Cornwall.) 
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palseozoic strata are for the most part in such a highly disturbed and fractured 
condition (sometimes, indeed, inverted), that their true symmetry is not easily 
ascertained. Such difficulties are, in truth, much increased throughout Western 
Europe by the prevalence of rocks of igneous origin, through whose eruption many 
dismemberments an4 alterations of the strata have been produced. 

Russia, on the coi^rary, being a vast region, by far the greater portion of 
which has been singularly exempted from all such igneous agency, is found to 
present an unaltered succession of older rocks, whose nature we shall presently 
define, by considdHng them in an ascending series ; and in doing so we hope, not 
only to exhibit the distinct development of the earliest sedimentary strata over a 
very wide space, but also to point out that certain desiderata not supplied by other 
countries are there clearly furnished. This we shall endeavour to do, first, by 
developing ^n unequivocal base-line of palseozoic existence in the Lower Silurian 
strata, as indicated both by the gradual decrement and disappearance of vestiges 
of qpimal life in the inferior member of the series, which, void of all traces of the 
lowest vertebrata and containing fucoids only in the inferior beds, rest upon pre- 
existing crystalline rocks without fossils ; secondly, by pointing out over large 
territories, the co-existence in the same strata of the fossil fishes of the Old Red 
Sandstone of Scotland with the shells and other fossils of the shelly and calcareous 
rocks of South Devon and the Eifel* — thus demonstrating that they constitute one 
inseparable natural group ; and thirdly, after describing a peculiar form of the car- 
boniferous system and giving a detailed account of the coal-bearing tracts in the 
empire, by establishing under the name of “ Permian” a copious series of deposits 
which form the true termination of the long palseozoic periods. 

This last-mentioned system has not hitherto obtained the attention to which it 
is entitled. In France it is known only as a deposit of red sandstone with a few 
plants ; in Belgium it is a mere conglomerate (the “ Penden'’ or sterile group of 
M. d’Omalius d’Halloy). In England and Germany, where its members are much 
more expanded in the form of red sandstone and conglomerate, magnesian lime- 
stone, copper slate, &c., the strata have never received a collective name, nor have 
they tilljrecently been united as a natural group*, distinguishable from the inferior 

• We have just ascertained from M. Vogt, the friend of Agassiz, that certain remains of fishes brought 
by U8 firom Gerolstein in Eifel, belong to the Old Red genera Qsteolepis and Coccosteus* 

* Professor Phillips was the first to maintain, that the fossils of the magnesian limestone of England 
ought to be clafsed with those of the palsBOzoic rocks, and our Permian researches confirm his view. 
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formations by peculiar species, though connected with them by the general aspect 
of their fauna, and entirely different in all their organic contents from the overlying 
or triassic system. ^ • 

Finding that this supracarboniferous group was not only Spread over a region 
of enormous dimensions in Russia, extending from the Volgia te the Ural Moun> 
tains on the east, and from the Sea of Archangel to the souj^ern steppes of Oren> 
burg, but that among certain fossils characteristic of the Zechstein in other parts of 
Europe, it also contained many new species of shells and a fauna somewhat differing 
from that of the carboniferous age, we have ventured to apply^o it. a collective 
name derived from the ancient kingdom of Permia, which was situated in the centre 
of the vast territories overspread by these deposits. 

In strata of the secondary period, Russia is much less rich than in those of pa- 
laeozoic date. She contains, for example, no* masses which can \|e distinctly 
referred to the New Red Sandstone or Trias ; for wherever we have attempted to 
define such beds, we have found them to be intimately associated with those of 
true Permian age*. This view has been strengthened by the entire absence of the 
muschelkalk in Russia proper ; one small and dubious representative of ft only 
having been observed in the isolated hill caUed Mount Bogdo (steppe of Astra- 
khan). 

The Jurassic deposits cover detached districts of Russia, froja the Icy Sea on 
the north to the Caucasus in the south. In Russia proper they exist chiefly in 
the form of shales and sands, which are exclusively referable to the middle or 
Oxfordian member only of the oolitic or Jurassic series of other parts of Europe ; 
the lias and lower oolites, as well as the Kimmeridge and Portland or upper oolite, 
being everywhere wanting. , 

Unlike the Jurassic, the Cretaceous system is exclusively confined to the southern 
half of Russia, where it often presents the peculiar characters and organic contents 
of the white chalk of other parts of the world, and in some tracts the equivalents, 
though never fully developed, of the greensand strata. . 

^ These introductory pages being among the last printed in our book, we take this opportunity of al* 
lading to a work by Dr. Kutorga that has just appeared (2. Beitrag zur Palseontologie Russlands), which 
from the form of certain plants therein figured, as well as from a shell which that author considers to be 
a Posidonemya, might lead geologists to believe in the existence of Trias at Kargala near Bielebei in the 
government of Orenburg. We cannot, however, admit the inference of Dr. ^utorga (and of his fossils 
we may speak in the Appendix or tecond volume), more particularly as he states, on the authority of 
Major Wangenheim, who surveyed the tract, that the fossil beds of Kargala lie low in^he series which 
we have demonstrated to be of Permian age. 
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The Jurassic and cretaceous rocks of Russia, possessing to a great extent, wherever 
we have examined them, the same mineral aod zoological aspect as in the British 
Isles, northern Fsance and Germany, thus present the strongest contrast to the sub- 
crystalline limestones of the same age in the south of France, Spain, the southern 
flank of the Alps,. Italy, Greece, Asia Minor, and the Caucasus, which exhibit 
what has been termed ^he Mediterranean type*. The tertiary deposits, exclusive 
of a few patches of very recent age, are most expanded in southern Russia, where 
beds will be described which truly represent the Eocene and Miocene divisions, the 
former having, in parts, the very same structure and contents as the London clay, 
and the latter being, in fact, the extension of the great basins of Vienna and Hun- 
gary. Nearly if not entirely deficient in marine deposits of the Pliocene or newer 
Tertiary period, the southern extremities of Russia, from the coniines of the Black 
Sea and the Sea of Azof to the Caspian and Aral seas, as well as wide tracts of 
Asia, the Crimaea and Caucasus, are composed of deposits, which distinctly over- 
lying the oceanic tertiaries of Miocene age, are completely distinct from any great 
geological group hitherto described. Uniformly and copiously charged with a 
limited number of species of shells, more or less similar to those of the Caspian 
of the present day*, these widely-spread accumulations of the steppes will be shown 
to have been formed exclusively in the same brackish waters that must once have 
occupied an area asjarge, if not larger, than the present Mediterranean Sea. 

Directing the especial attention of geologists to this grand feature in the former 
arrangement of the surface of the globe which has hitherto almost escaped their 
attention, and then describing certain raised bottoms cf the Northern Seas, the first 
psut of this work will .conclude with an account of the last scene of a long series of 
subaqueous deposits, traced chronologically from the period of the earliest-formed 
organic types, to that in which the shells of the sea were to a great extent the same 
as those now prevailiflg. 

Having shown that throughout all this long succession of deposits, the whole 
sedimentary .superficies of central Russia (forming nearly one-half of the continent 

' By M. von Bucb. 

* See obsemations on a recent memoir of Colonel Helmersen on the character of certain shells found 
in the Ust-Urt by M. Baeinier (Appendix). The discoveries of M. Basinier have somewhat modified our 
views (pp. 309 - 324 ) concerning the whole area which we supposed to be occupied by the brackish 
Aralo-Caspian Sea. See Ap^ndix on this point, and also for some important facts concerning the ter*^ 
tiary deposits on the south coast of the Black Sea, and the plateaux west of Ararat, as derived from our 
friend Mr.W. Hamilton, M.P., Sec. Geol. Soc. (see Map, PI. VI.). 
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of Europe) has been disturbed by broad undulatory movements only, but has not 
been subjected to great disruptions, nor affected by any intrusions whatever of 
igneous matter ; and further, that all the deposits from the oldest to th'e youngest 
are very little altered and in many instances unsolidified, we then transport our 
readers to the Ural Mountains and Siberia. There, on th,e contrary, we indicate 
how formations of the same age as those which in Eur(j|pean Russia are slightly 
coherent and horizontal, have been thrown up in mural masses, broken into frag- 
ments, impregnated with minerals and often inverted in their order. All these 
phsenomena occur along a grand meridian fissure in the earth’s surface, through 
which copious masses of igneous matter have been evolved at intervals from very 
remote antiquity, whilst the chain has undergone elevation and even impregnation 
with gold ores at a period not very distant from our own. Although we naturally 
refer to such disturbances as the cause of th*e great change that t^e sedimentary 
masses are there found to have undergone, yet in describing these mutations, a 
clear distinction is drawn between the ancient crystalline or azoic rocks of Scan- 
dinavia on which the Silurian strata rest, and those Uralian metamorphosed rocks 
which often to a great extent assume the same primary characters and a^ect. 

In the concluding chapters of this volume we take a general survey of the super- 
ficial deposits of the vast region of the Ural Mountains and Siberia, wherein have 
been found the abundant remains of large mammalia, and whjch are so celebrated 
for the gold ore they contain ; and reasoning from geological evidences we have 
endeavoured to delineate certain ancient geographical features, at a time when a 
large portion of those vast regions constituted a continent, inhabited by these extinct 
mammals, whose destruction will be shown to have been coeval with the last ele- 
vations of the Ural chain. On the otherjiand, we adduce our reasons for believing, 
that whilst Siberia and the Ural were above the waters, Russia in Europe must 
have been beneath them ; a conclusion which seems necessary in order to render 
explicable upon rational grounds the phaenomena of the great Scandinavian drift, 
by which all the low countries of the north have been covered by fac-transported 
materials. Lastly, after an account of that singular overlying de'posit the black 
earth of Russia and an attempt to explain its origin, followed by an account of the 
present causes attending to produce a change of the surface, whether by the agency 
of ice, water, alluvial deposits, or the elevation of land, the first volume is con- 
cluded by a short resumd^, showing to what extent our conclusions are borne out 
by an appeal to such extensive observations. 
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The second volume, or Part III., being exclusively devoted to the description of 
Organic Remains, ^necessarily constitutes the great mass of evidence which practical 
geologists 'and p^aeontologists will require. 

This brief exposition of the objects we have laboured to attain, will, we trust, 
suffice to enable oqr readers to judge of the success with which our leading views 
diave been developed. .A few years ago only, when unable to indicate the first 
created animals, or the dxact relative places occupied by some of the earliest forma- 
tions, we were compelled to trace the sequence downwards by commencing with 
deposits prev^ously*analysed, proceeding thence to those of anterior date* ; but now 
having learnt to decipher the very first letters in the long records of animal life, 
we assume a more distinct position as historians, and exhibit in their natural order, 
the successive organic features which appear in the stony legend of the earth, from 
their earliest dawn to the present condition of the planet. 

In a word, after a patient study of the types of palaeozoic life, we can now 
fearlessly assert, that the geological history or sequence of the earliest races of 
fossil animals is firmly established. Its truth is sustained by the display of forms, 
which mark the period when the first vestiges of life can be discovered, as well as 
the following successive creations ; and thus whilst, with the exception of one 
sacred record, we can truly say, that the origin of the greatest empires of man is 
buried in fable and superstition, the hard and indelible register, as preserved for 
our inspection in the great book of ancient Nature, is at length interpreted and 
read off with clearness and precision. 

Passing, however, from these grand, general considerations, to which we may be 
pardoned for alluding, since they bear so directly on the sublimity and truthful- 
ness of geological science, we now proceed to the special objects of our own 
undertaking. 

■ See the ' Silurian System,’ and the plan pursued in that work (passim'). 
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CHAPTER II. 


SILURIAN ROCKS OF SCANDINAVlAr 

The Lower Silurian Rocks of Scandinavia shown to form the true base of all deposits 
containing Organic Remains. — Theij' relations in the Territory of Christiania to 
pre-existing Gneissose and Granitic or Azoic Rocks. — Norwegian Seqtions showing 
the ascending order from Lower through Upper Silurian to Old Red Sandstone 
inclusive. — Intrusive Rocks associated with the Palaeozoic Formations distinguished 
from those which have affected the Azoic Rocks . — The chief Palceozoic Pheenomena 
of Sweden explained, and the Lower Silurian Rocks of various localities shown to 
rest upon Granitic Gneiss, which has furnished the materials of their lowest stratum 
{Sections of Kinnekulle, Lugnos, Omberg, Grenna, Berg, &^c .). — Upper Silurian 
Group of England peifectly represented in the Isle of Gothlar^^. — Comparison of 
the Fossils and close analogy of Lower and Upper Silurian Divisions of Scandinavia 
with those of the BHtish Isles. 

A GLANCE at our Map and a few words of explanation from ourselves, will at 
once lead the reader to understand, that the geologist who would effectively write 
a history of the whole series of sedimentary deposits that encumber the surface 
of Russia, must naturally begin with a sketch of the adjacent Scandinavian regions, 
which, chiefly occupied by highly crystalline rocks, are in many places covered 
with patches of ancient strata containing organic remains. This indeed was spe- 
cially called for, by the previous works of Hisinger, Wahlenberg, \^n Such and 
Dalman, whose representations of organic forms had long ago led us to conclude, 
that deposits of true Silurian age existed in Sweden and Norway*. Finding that 
the low level of the country, and the mass of detritus with which it is covered, 
prevented our detecting junctions between the lowest known Sedimentary deposits 


< See Silurian System passim. 
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aad any crystalline rocks of anterior age in Russia, it became indeed essential, 
that previous to writing our first pages of the history of succession in this part of 
the globe* we should see and describe what might be exhibited amid the hard and 
rocky lands of Scandinavia, of the absolute contact of the lowest sedimentary strata 
with the crystalline ipcks of that region. 

On this point we hj^ire recently convinced ourselves, by clear and indisputable 
sections*, that the lowest beds charged with anything like animals or vegetables, 
are the exact equivalents of the Lower Silurian strata of the British Isles, and that 
these have been distinctly formed out of, and rest upon, slaty and other rocks which 
had undergone crystallization before their particles were ground up and cemented 
together to compose the earliest beds in which organic life is traceable. To the 
crystalline masses which preceded that palseoaoic succession to which our researches 
were mostly /lirected, we apply the term “ Azoic,” not meaning thereby dogmati- 
cally to affirm, that nothing organic could have been in existence during those 
earl^st deposits of sedimentary matter, but simply as expressing the fact, that in 
as far as human researches have reached, no vestiges of living things have been 
found in them, so also from their nature they seem to have been formed under such 
accompanying conditions of intense heat and fusion, that it is hopeless to expect 
to find in them traces of organization 

Since it is not «aur object, on this occasion, to enter further into the details of 
the structure of Scandinavia than is essential to sustain the accuracy of this our 
fundamental view, we will now merely offer a general sketch of the phenomena on 
which our inferences are founded. 

One of the Scandinavian features which first strikes the ordinary observer with 
surprise, is the enormous amount of crystalline rock that occupies the surface 
of the country. In the term Azoic rocks, we include all the crystalline masses 
belonging to the ancient group of gneiss, together with ancient granitic and plu- 
tonic rocks by which they have been invaded. Those who wish to become ac- 
quainted with the varied composition of these rocks, must consult the works of 
various authors from those of Von Buch, who first described them in Norway, to 
those of Keilhau, who in the same country has recently bestowed so much labour 

' Hypercritically, it may be said that this word might also be applied to other deposits of subsequent 
age, in which the organic Remains are also obliterated, and thus be^erged with the Hypogene of Lyell. 
But in our sense the word azoic is synonymous with pro-zoic, or before recognizable traces of life. Pro- 
fessor Phillips hu applied the word Hypozoic to the same rocks which we term Azoic. 
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upon them. Occupying the great bulk of Sweden, they are there, even whilst w« 
write, undergoing an elaborate survey by several able mineralogists, who following 
the contortions of each separate mass, are now laying down their outlined on what 
may be termed a lithological map of that highly crystalline country*. 

It forms no part of our object to describe the varied miperal features of the 
gneissose rocks of Norway, which extend westward to tlijf Ocean and eastward * 
into Sweden, We may, however, say that, on the whole, they very much resemble 
the ancient gneiss of Scotland and other countries, and present, in many tracts, an 
almost infinite succession of felspathic, quartzose, micaceouif and. hornblendic 
laminae, often highly contorted, but in which very determined strikes are perceptible 
over large tracts. They are indeed specially distinguished by the great abundance 
of granitic veins which they contain^ the pbaenomena which the Scottish philo- 
sophers Hutton, Playfair and their followers took such trouble to iqjdicate in the 
isle of Arran and other localities, being here laid bare in thousands of examples. 
So numerous are the granites, chiefly rose-coloured, which with countless^ di- 
vergent veins penetrate the gneiss in every direction, that geologists have usually 
given to the mass the name of granitic gneiss. These azoic rocks are dlso in- 
truded on by numerous bosses and dykes of greenstone, and in some districts 
contain metalliferous veins, including those of the celebrated silver mines of 
Kongsberg and the cobalt mines of Modun. All that we are jiiow concerned to 
state is, that the gneissose masses constitute in themselves the loftiest mountains 
of the whole region, and that in numberless sections, whether exposed on the sea 
shores, on the sides of the fiords or in the interior, they are seen to constitute a 


' MM. Forsellis, Erdman, Franzcn and Troilius ha^^e already finished, but not yet published, a geo- 
logical map of various provinces, including Dalecarlia, which through the obUging directions of Baron 
Berzelius, was exhibited and explained to us by M. Erdman. Our readers m^ have some conception 
of the detailed labours of its authors, when we state, that granites, gneissose rocks, mica schists, hom- 
Uende rocks, syemtes, greenstones, jaspers, porphyries, &c., as well as many varieties of each of these 
classes, are distinguished on the map by different colours and marks. Not having examined in detail 
the tracts thi^ illustrated, we are not able to say to what extent the authors of this taap have distin- 
guished Ae masses of azoic age from certain metamorphic strata which, if like those of the* Christiania 
territory, are of palaeozoic age. Their “ flotz ” limestones and sandstones are evidently palaeoaoic, and for 
the most part Silurian. The chief promontories are, however, occupied by great bands of gneiss, the 
strike of which varies prodigiously, and, sul^ected to enormous flexures, range in one district east and 
west, in another north and south wi|^ many intermediate directions. It is thft great and dominant mass 
of crystalline granitic gnnss, that, according to our views, is anterior to everything to which the term 
nalKOzoic can be applied. * 
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group of enormous thickness, which, containing very little calcareous matter, is in 
general composition, strike and position, entirely distinct from the Silurian strata 
by which it is vverlaid. 

In Norway these ancient crystalline rocks rise into mountains and form the 
flanks of trough^ of palaeozoic strata, which have in their turn been invaded by 
granites, syenites, porphyries, greenstone and trappaean rocks of another epoch. 
Let us take the ternary of Christiania as an example. Rising in altitude from 
south to north, the gneiss there occupies the rocky and barren country on either 
side of the Jong fiord of Christiania The mass upon the west extending from 
Christiansand to the lofty mountains of Bergen, flanks the palaeozoic rocks in a 
devious line, extending from the marine bay of Lango Sund, by the east of Kongs- 
berg, and thence north-north-east by the river Drammen and the western sides of 
the lakes of Tyri fiord and Rand# fiord. The eastern gneissose boundary advan- 
cing from Gottenburg and Sweden to Friederickstadt, constitutes nearly all the 
eastern rocky shore of the salt water fiord of Christiania, and occupying the 
mountain called Egeberg to the east of that town, extends to the north-north-east 
by the* eastern side of the great lake Miozen. 

Tlie palaeozoic deposits lie in a long trough between these crystalline masses ; 
such general features being correctly laid down in the geological map of the terri- 
tory of Christiania by Professor Keilhau*. Minute details are here uncalled for, 
and we have now simply to state, that by making two transverse sections across 
this palae*ozoic trough on diflerent parallels, we found that although extremely 
broken up and diversified by various plutonic rocks, and very much dislocated, 
its lower members consisted of quartzose sandstone and hard slaty schists ; the 

* Mr. Murchison seizes with pleasure this opportunity of expressing his obligations to his friend the 

Rev. W. Bilton, F.G.S., who repeatedly urged him to visit Norway, and in whose attractive phcalorial 
volumes will be found some good suggestions and many interesting geological souvenirs. (‘ Two Sum- 
mers in Norway,’ vol. ii. p. 150.) ^ 

* A slcetch of the palmozoic succession from the lowest Silurian to the Old Red Sandstone inclusive, 
as exhibited in the southern psurts of Norway, was read by Mr. Murchison before the General Meeting of 
Scandinavian philosophers, held at Christiania, July 1844, and has, we believe, been published by them 
in their volume with an explanatory woodcut (essentially the same as that which we give at p, 13). 
After traversing Sweden in the same summer and arriving at St. Petersburgh, Mr. Murchison there read 
before the Imperial Mineralogical Society of that Metropolis, a brief outline of his general views respect- 
ing the relations of the Silurian rocks of Sweden and Gothland to those of Russia with which he was 
previously acquainted. These ideas are now essentially embodied in the text, and more detailed de- 
scripfions have Veen given by Mr. Murchison to the Geological Society of London. 
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former 'nsible in some tracts only, as at Vigersund on the Drammen, the latter 
being the well-known fncoid alum shale of the country and forming the prevalent 
base in the Christiania fiord. These lowest strata are surmounte(^ by black lime- 
stones and shale charged with fossils, which leave no doo6t that the inferior 
group represents the Lower Silurian rocks of the British Isles. , 

Amid a profusion of Trilobites, some of which are of new^species and have been 
named, but not figured by Dr, Boeck', vre find in the inferidr member of the series 
(the lowest beds of which contain fucoids), the genera Battus or Agnostus (with 
Paradoxides or Olenus) ; and in other beds TVinucleus Caractasi, Asflpkus Buchii 
and A. tyrannus, with various Orthoceratites and other chambered shells, and some 
Orthidae, including the 0. altemata and 0. virgata ; all forms highly characteristic 
of the Lower Silurian rocks in the British Isles. With the latter are associated 
and in still greater abundance, ihelUanus crassicauda^, Asaphus expansus and 
tetes {Favosites)Petropolitanus, Orthoceratites duplex^ and certain remarkable cir* 
cular bodies related to Crinoidea, the SpJueronites aurantium, all of which specially 
distinguish the Lower Silurian rocks of Sweden and Russia. As a whole, these 

^ Of the forty-eight species of Trilobites (exclusive of a Battus) enumerated by Dr. Boeck/ many of 
them, it must be stated^ are named from mere fragments, which circumstance, skilful naturalist as he is, 
render the number of true and distinct species doubtful. Without distinguishing the genera (and w’e 
agree w’ith him that many of the generic distinctions hitherto pro{)osed are obscure and evanescent), he 
ranges, however, certain forms around common types. Judging from his own dea 2 ription and the fossils 
we examined in the museum of Christiania, we should say. that his species, Trilobites ellipticus and 
T. eleganSf are what W’e should call varieties of Calymene macrophthalma and C. vorio/am,' which with 
Asaphus caudatus, T. semilunaris (Esmk.), Calymene Blumenbachii and its varieties are characteristic of the 
Upper Silurian strata which are seen in the Isles of Malmoe and Malmoe-kalv, Long Oen, Holmestrand, 
&c. All the other Trilobites cited by Boeck, of which the Illcenus crassicauda iff by far the most abun- 
dant, belong to the Lower Silurian group, w'herein al^ occur the Asaphus expansus, four species of 2Vi- 
nuclei, and the forms which range round Asaphus Buchii and A. tyrannus, similar, indeed, to varieties with 
W'hich wre are perfectly familiar in Wales; together with several published Swedish species of Dalman, 
Wahlenberg, &c. (see Gaea Norvegica, 1 Lief. p. 138.) 

* It appears that the Illrsnus perovalis of the Silurian system (drawn from an imperfect specimen) 
is identical with t£e /. crassicauda. lliis species has been found in the Lower Silurian rocks of Wides, 
since Mr. Murchison’s work was written, by Mr. Sharpe, Prof. Sedgwick, and the officers^f the Ordnance 
Geological Survey. The coral Chxtetes (Favosites) Petropolitanus, so very characteristic of Ithe Lower 
Silurian of Russia, has also been detected by Prof. Sedgwick in the older strata of North Wides. ITiis 
and other facts, showing the identity between the Silurian system of Great Britain and Scandinavia, have 
been made known for the first time by comparing the fossils we brought back from Norway, Sweden and 
Russia, with those collected by Professor Sedgwick and described by MM. Sowtrby and Salter (see Table, 
Journal of the Oeol. Soc. vol. i. facing p. 20). The other results of the comparison of other species 
brought by us from Scandinavia, with the Upper Silurian British types, will be spoken df in the sequel. 
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Lower Silurian rocks of Norway have very little of the arenaceous character which 
theilsame g^oup assumes in certain tracts of Britain, but are most analogous to the 
schists and calc^eous flags of Uandeilo, where those masses have not assumed a 
slaty structure. This lower division is overlaid by shales and massive coralline 
limestones containing many of the typical species of the Wenlock limestone in the 
British Isles, and these s^n by calcareous flagstones and schists which from their 
fossils and position may be taken to represent the Ludlow rocks. 

Though packed into a narrow band of no great vertical dimensions, the Silu- 
rian strata of Norway are thus clearly divisible into an upper and lower group. 
These groups are further separated from each other by a limestone loaded with 
Pentamerus oblongm, which fossil, occupying exactly the same place in the Wool- 
hope or Horderley limestone of the ]^ritish Isles, and lying between the two, may 
thus, according to the natural features and prevailing fossils of each country, be 
classed either as the base of the Upper Silurian rocks or as the uppermost bed of 
the Lower. The Upper Silurian group is distinguished by the Catenipora escha-^ 
roides, C. labyrinthica, and many other typical species of corals, as well as by a 
multitude of shells, among which are many which occur in rocks of the same age, 
both in the British Isles and in the Isle of Gothland. 

In truth, no English geologist acquainted with the organic contents of the Wen- 
lock limestone can •view the little isles of Malmoe Oen and Malmoe Kalv in the 
bay of Chrigtiania (which we examined in company with M. Leopold Von Buch‘), 
and see in them the Calymene Blumenbachii, C. macrophthalma, C. variolaris, and 
other Trilobites associated with the Lepteena depressa, L. euglypha, Terebratula reti- 
cularis, and many corals most familiar to him, without at once recognising in the 
upper strata the distinct representative of lhat British formation 

^ This eminent geologist jivas, like ourselves, at the Christiania meeting of Scandinavian savants of 1 844. 

^ We do not here note all the corals and shells which are common to the Upper Silurian of Norway 
and Britain, because the Gothland list, afterwards given, may be taken as the best sample^of the identity 
of the formations in Britain and Scandinavia. We cannot, however, avoid noting, that besides the usual 
Upper Silurian brachiopods, we procured from M. Keilhau a specimen of the Nucula cingulata (His.), which 
proves to be identical with a shell which we had long ago obtained from Dudley, but which Mr. James 
Sowerby, unable perfectly to satisfy his mind concerning its relations, had refrained from describing in 
our former work on the Silurian System. It is further worthy of remark, that this shell, so rare at 
Dudley, has recently been discovered pretty plentifully by Mr. Sharpe, Professor Sedgwick and Professor 
Phillips in the Upper Siluriaif rocks of Westmoreland, near Kendal, and is there associated with Leptana 
depressa^ Cypricardia, &c. We thus see the value of not omitting considerations of minute palseontolo-* 
gical detail, since a* shell extremely rare in one region may thus become a type of the same epoch in 
another. 
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These Lower and Upper Silurian rocks constitute one inse- 
parable and closely connected system. Their highest member, 
composed of calcareous flagstones contsdning the Leptena latp, 
peculiar Spiiifer and a shell closely allied to Terebratula Wilsoni^ 
is clearly overlaid in the mountainous tracts called Ringerigge, 
to the west of Christiania, by red quartzose sandstone an! shale, 
that forms a deposit of great thickness (perhaps 1000 feet) litho- 
logically undistinguisbable from the Old Red Sandstone of the 
British Isles, its summit being composed of a conglomerate as in 
the Herefordshire, Salop, &c. In the course of a rapid survey, 
we thus obtained evidence of a succession from Lower through 
Upper Silurian to the Old Red Sandstone inclusive. In a word, 
the latter formation, with great tabular masses of porphyry, is 
thus separated from the ancient gneiss on either side, and occu- 
pies a lofty tract in the centre of the trough, having the Christiania 
fiord on one side, and the Steens fiord and Drammen on the other, 
both of which depressions are filled with the Silurian rocks in 
question (see woodcut and note 1). 

In the Steens fiord, whither we first went in the company of 
Professor Keilhau and afterwards with Professor Forchhammer, 
we were, indeed, truly delighted to perceive the great symmetry 
with which the Upper Silurian flagstones and tilestones'', per- 

^ Explanation of the woodcut 

Old Red Sandstone — e. Red sandstone and conglomerate. 

o., . r d. Calcareous flagstones. &c. 

UDDer oilunan < 

I c. Coralline limestone and shale. 

_ . (b, Pentamerus limestone. • 

Lower Silurian < . . 

La. Schists, flags, and lower sandstone. 

0 . Azoic or gneissose rocks, with old granite, greenstone, &c. 
r p. Rhombic porphjny in the Old Red Sandstone. 

I i. Eruptive and trappsean rocks of various characters. 

^ Mr. Murchison takes this opportunity of acquainting geologists who may not 
have attended to the successive development of his ideas on classification, that 
certain red tilestones at the base of the Old Red Sandstone of England, which from 
mineral aspect were formerly dassed with that formation, he has for some years con- 
sidered as forming, together with ihe bone-bed, the uppermost stage of the Silurian 
rocks. (Anniversary Discourse. Ptoc. Oeol. Soc. vol. iii.) He had, indeed, from the 
first described these beds as being charged with Upper Ludlow fossils (see Silurian 
System, pp. 192, 602). 
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fectly ideatical in aspect with those bf Shropshire and Herefordshire, rise out from 
beneath the great mass of Old Red Sandstone of Ringerigge and Krokleven. In 
carrying tke same section across to the gneiss range on the west bank of the river 
Drammen, the upper and calcareous coralline formation is separated from the black 
Lower Silurian dags, by the same limestone with Pentamerus oblongus, which forms 
*the intermediate bed between the Upper and Lower Silurian in many tracts of the 
British Isles. These very clear general relations are illustrated in the accompany- 
ing woodcut. 

But whilst* we fhus speak of the undoubted parallel, which, from practice in 
detecting the equivalents of rocks of this age, we have been able to establish 
between the diderent members of the Silurian rocks of Norway and those of the 
British Isles, we must admit, that in many parts, particularly on the sides of the 
bays of Chriptiania and Drammen, they are so perforated by eruptive rocks of 
posterior age, that, except in such very typical localities as those of Steens dord 
and Krokleven, which appear to the left of the accompanying woodcut, it is didi- 
cult to distinguish a clear order of superposition ; so much are the strata thrown 
into undulations. These intrusive rocks (t), whose characters and the effects they 
produced upon the strata they have invaded were long ago described by M. von 
Buch, consist of granites, syenites, porphyries (including the hyperite of that 
author), greenstones, amygdaloids, &c.* 

Perfectly distinct from the older granitic rocks associated with the gneiss, these 
eruptive masses are now demonstrated by our observations to be of younger age 
than the Old Red Sandstone, and they, therefore, play the same part in geological 
history as great masses of the trappean rocks of English authors. Whether they 
n ffn be divided into two groups of diffwent age protruded at different periods to 
the surface is more than our limited time enabled us positively to determine ; but 
it may be remarked* that, with the apparent exception of the large crystalled por- 
phyry of Ringerigge (p of woodcut and rhomb-porphyr of Von Buch), we nowhere 
saw any of those contemporaneous poqAyries, greenstones, and other stratified 
igneous masses which are so abundantly interlaminated with the Silurian rocks 
(particularly the lower) throughout large districts in the British Isles, where in 
expanding such deposits they often necessarily obliterate the organic remains, and 

» The reader may formlue idea of these intrusions from the repaescntation on a small scale torwds 
the right-hand side of the woodcut, though it is not pretended that the section (woodcut, p. 13) exhibiU 
a twentieth portion of the intrusions and flexures. 

• C* 2 
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to the sedimentary masses a peculiar and subcrystalline character. Of such 
eruptive rocks contemporaneous with the Silurian and older palaeozoic strata, we 
shtdl, however, hereafter treat in describing the Ural Mountains, r Here* we simply 
note their absence, as accounting, in some measure, for the small vertical dimen* 
sions of the Silurian formations of Norway which have evid^tly been accumulated 
in a sea that has been exempted from those contemporary igneous evolutions, which 
in many other tracts, have naturally tended to swell the thickness of the ancient 
formations. 

The mineral changes however produced by the eruptive rocks upon the Silurian 
beds of Norway are, indeed, as beautiful and striking as in any region that we ever 
examined. Thus in the tracts north-west of the Steens fiord and in the Solvsberg, 
where igneous rocks protrude, it mqy be said, that the black shales (Lower Silu- 
rian) are changed into hard subcrystalline schists (the Harte Schiefe^ of Keilhau, 
or Kiesel Schiefer of the Germans) ; but however altered, the original character 
of the stratum is discernible, and fossils are found in it at intervals. On the left 
bank of the Drammen, opposite Vigersund, a lower fucoid sandstone in contact 
with greenstone becomes a quartz rock. At the town of Drammen, bruptive 
rocks of granite and greenstone, apparently passing into each other, exhibit in the 
adjacent escarpments fragments of highly altered micaceous red sandstone (Old 
Red) and Lydian stone, surmounted by and included among^amygdaloids. At 
Djelebeck or Jelebeck, to the north of Drammen, granite forming the hill called 
Paradis-backen, throws off the Pentamerus limestone, which though metamorphosed 
into a saccbaroid marble and charged with garnets in the neighbourhood of the 
granite, becomes less and less altered as it recedes from that rock, and then con- 
tains its usual fossils'. « 

Following the same bands of younger granitic and porphyritic rocks to the 
south, they are seen to spread out and occupy nearly the whole of the southern 
portion of the palaeozoic basin, crowning considerable heights, and extending into 
the promontories on either side of Laurvig and Fredricksvarn. There.they form 


* We examined this altered rock with our friend Professor Forchhammer, who thus writes of^it “ This 
impure limestone contains, besides carbonate of lime, some carbonate of magnesia, alumina, oxide of iron 
and silica. The compact carbonate of lime has assumed a granular form and has become white marble * 
the magnesia has lost its carbonic acid, and has combined with lime and silica ^o form the mineral tremo- 
lite ; and the oxide of iron has confbined with alumina, lime and silica, to form greenish and beautifully 
crystallized garnets/* — Trans. Brit. Assoc, for 1844, p. 165. c 
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nearly the vhole of a crystalline country like CornwaH', in which the eruptive 
rodts constituting the chief masses have left mere remnants only of the paleozoic 
rocks at a few places on the flanks. The knolls around Fredricksvarn are, in 
truth, quite analogous to many Cornish granitic hills which have been shown 
similarly to penetrate strata chiefly of the age of the Old Red Sandstone, &c“. 

But to return to the metamorphosed Silurian strata : we lastly observed, in com- 
pany with Professor Forcbhammer, that at the foot of the Egeberg near Christiania, 
where the Lower Silurian alum-slate is pierced by greenstone, it is converted into 
a micaceous, quattzose, crystalline rock, to a considerable extent resembling the 
old gneiss of the adjacent mountain. Here, however, as in another example at 
the fortress of Christiania, and in every other case where true palaeozoic strata have 
been transmuted by igneous agency, the observer can follow the beds from the 
points of cqntact where they are crystalline, until receding from the disturbance, 
the strata, as they unfold, first appear as mere indurated, black and contorted 
scWsts, and then passing in a short space into the dark and calcareous Silurian 
shale of the bay, are overlapped by its fossiliferous limestones*. 

Developing elsewhere more precisely the nature of these phsenomena of meta- 

* The granitic rock of Fredricksvarn with its zircons is a beautiful crystalline rock loaded with mine- 
rals, including magnetic iron ore and labrador felspar, with the new species Polymenite, Illcolitc, &c. 
When treating of th? Ural Mountains, we shall have occasion to express a wish that distinctive terms 
should be ^ven to eruptive rocks of age posterior to the palaeozoic strata, in order to distinguish them 
from the older granites associated with gneiss. Foreign geologists naturally enough object to the use 
of the word trappean as sometimes applied to the nearer group, which in truth includes granites ; and as 
syenite, in its strict mineralogical sense, as well as greenstone, occurs in the older plutonic division also, 
it is clear that some term should be adopted to mark the age of the eruption of each class, since there are 
granites and syenites of different ages. We mi^ht venture to suggest for this purpose such names as 
Proto^plutonic, Palao-plutonic, &c., which, if approved, might be extended to Mezo-plutonic, &c., as more 
precisely defining the age of eruption than the terms hitherto used. In our general Map, PL VI., all these 
younger granites younger than the azoic rocks are necessarily grouped under one colour and letter. In 
the Map, however, of the Ural Mountains, the granites are distinguished from the greenstones and ser- 
pentines byjBeparate marks. 

• &iince the Publication of various memoirs by Professor Sedgwick and Mr. Murchison, Sir H. T. 
De laBeche and Professor Phillips (including the work on palaeozoic fossils of the last-mentioned author) 
certain fossil remains, supposed to be Silurian, have been discovered in Cornwall by Mr. Peach and other 
persons. (See Ann, Report Roy. GeoL Soc. of Cornwall, 1844, p. 7.) 

• A memoir by Mr. Murchison, containing more detailed views on the structure of Norway and Sweden, 
has been communicated tcf the Geological Society of London, in whi^h it was shown how the able memoir 
by Professor Forcbhammer on the chemical changes from fucoid schists into gneiss-like rocks bears upon ^ 
our views, (See*Report to the British Association for the Advancement of Science, 1844, p. 166.) 
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moiphisra, we now alkide to them merely ta show, that although quite alive to 
their value (and our account of the Ural chain will, we trust, sufficiently prove 
this), we still see a clear distinction between such palaeozoic qharfges and a pre- 
vious metamorphism of the azoic rocks. 

But if the examination of Norway alone sufficed to lead us to entertain this opi- 
nion, we were still more fortified in it by tbe survey of Sweden, to the considera- 
tion of which we now proceed. 

Silurian Rocks of Sweden and their relations to the older Crystalline Rocks . — ^In 
the following short outline of some prominent features of tbe g&logy of Sweden, 
we will first describe the relations of the Lower Silurian group to the subjacent 
crystalline rocks, as they appeared to us in a traverse from Gottenburg to Stock- 
holm', and will afterwards advert to»the fossiliferous distinctions of the Upper 
Silurian group of Gothland. • 

In the hills of Hollaberg and Hunneberg, to the east of the Falls of Trollhsetten, 
which are covered by a thick mass of trap rock (basaltic greenstone), one subc\rdi- 
nate member only of the Silurian series is visible, namely, the alum-slate ; but no one 
who knows from numerous other sections, that this band is very near the Silurian 
base, can glance his eye over the lower adjacent lands, all composed of gneiss and 
granitic rocks, or look up from the latter as they appear on the banks of the 
river, near the Falls of Trollhaetten, without being convinced, that the horizontal 
band of black schistose Silurian rock lies above the crystalline granitic rocks of 
the low country, though the absolute junction of the two is hidden by a talus of 
detritus. 

Advancing to the next Silurian oasis at Kinnekulle and the 'hills of Billingen, 
the same general relations, of a low surrouhding country of gneiss and granite, to 
high tabular plateaux of horizontal Silurian strata, usually capped by trap, present 
themselves to the traveller. In ascending the hills of Kinnekulle, from the flat 
gneissose country of lidkoping, he is no sooner above the low level of those crystal- 
line rocks, than he meets with a terrace composed of quartzose sandstone, already 
mentioned as frequently forming the lowest Silurian stratum in Scandinavia. This 
rock, here arranged in beds from a few inches to a foot and a half thick, cis light- 

^ In this jouraej Mr. Murchison was accompanied by that excellent naturalist, Professor Loven of 
Stockholm^ through whose acquaintance with the country, and references to t£e works and map of Hi« 
singer, it was easy to select the points for examination by which the question of true protozoic succession 
could be best determined. 
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^y, whitish and fine-grained, in parts freckled with ferruginous stains, and 
assumes, at intervals, a quartzose character, with divisions of chloritic shale. Its 
lowest Beds, or those which, as we shall presently show, rest upon the adjacent 
gneiss of the valleys, are not here visible, owing to a talus of detritus, but in those 
which are visibles wp found branching, fucoid-like bodies. This sandstone is, in 
fact, seen to constitute the prevalent base of all the Silurian strata, and in the hill 
of Kinnekulle is surmbunted, first, by the black alum schist and limestone ; next 
by red Orthoceratite limestone; and, lastly, by Graptolite schists with some 
calcareous courses and Orthoceratites. Though irregularly denuded over a very 
considerable area, the Orthoceratite limestone (c) of the following woodcut occu- 
pies a prominent step on the sides of the plateau, and standing out high above 
the surrounding gneiss, is in its turn coverpd by black schists (d), through whicli 
a point of .basaltic trap (t) has p'ierced, occupying only a small upper portion of 
the central part of the tract. In descending from this summit (whereon a few 
noj^hern erratics occur), we were much struck with the perfect symmetry of the 
Lower Silurian beds. To the north, or on the side of the Weuern lake, the 
crystalline and gneissose rocks being in a depression, the fucoid sandstone 
ranges down to the water-edge, surmounted by the alum-slates, but as you pass 
over the hill of Kinnekulle to the hamlet of Liet, upon its south-eastern face, 
the gneiss is again seen to present exactly the same inferior relations to the 
lower sandstone as on the western side. At this spot, as here represented, the 
section is much more clear and explicit. The Orthoceratite limestone (c) is 
strikingly developed by extensive quarries, which form the first great steppe-like 
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Eruptive trap. 


terrace between the basalt-capped schists (d) above vind the low country of gneiss 
beneath. Deseeding from these limestones (in which we found fine specimens of 
Asaphus tyrannus, A, expansus .^d Illanus crassicauda, besides numerous Ortho- 
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ceratites), and passing over the beds of alum-slate and black limestone (ft), with 
their -Trinuclei, Paradozides or Olenus, Agnosti, &c., the fucoid sandstone (a) is 
there seen in horizontal masses, perfectly conformable to all tl}e overlying strata, 
and distinctly superposed to the gneiss below (o). For, though the absolute junc- 
tion of the sandstone and gneiss is not seen, the two rocks are Within a hundred 
paces of each other, and without the slightest indication of any other substance 
between them. Now the gneiss is here not merely in a lower position than the 
contiguous sandstone, but, besides its crystalline structure, is at once seen to 
belong to rocks of an entirely different class, and to be quite independent of the 
overlying Silurian formation. In short, the one must have assumed its direction 
and structure before the other was accumulated. Denuded in large rounded pro- 
tuberant bosses, the gneiss, as laid bare in numerous places, consists of fine alter- 
nating layers of felspathic and quartzose, black, white and pink colours, which 
having a strike that varies from magnetic north and south to north-west and 
south-east, are either vertical, or dip at angles of 70 ° and 80 ° to the east or we^. 

In offering the above woodcut to explmn these relations, we apprehend that we 
have already said enough to convince our readers, that the gneiss, including many 
varieties to which it is not now our intention to allude, must be considered the fun- 
damental rock of Sweden, which existed and was even highly inclined, contorted 
and crystallized before the very lowest Silurian beds began to be formed. 

But if, after examining the section of Kinnekulle, we could have entertained any 
doubt on this point, it would have been dispelled by what we saw in other locali- 
ties, where the lowest of the Silurian or protozoic strata are not only absolutely 
superimposed on the granitic gneiss, but are proved to have been derived from it, 
and composed of its very materials. We sai^the first example of this phsenomenon 
at Lugnos, near the northern end of the Billingen Hills, where the Lower Silurian 
beds (as at Kinnekulle), being deprived of their cover of basalt, which has pro- 
tected them from denudation over a considerable area to the south, are worn down, 
so as only to exhibit their lowest portion, the alum-slate (b) being partially visible 
above the slopes of the rising ground, and the fucoid sandstone (a) lying beneath 
it, as expressed in this section. • 

LUGNOS. iii. 



Millstone ftrii or ar/eo»e cofvaing Low, undal«thi|t«mitlc rocks, with decomposing 

the granitic gneiss. sphsMidsl surfsccs. 
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Here, at least, there can be no ambiguity ; for the whole of the adjacent low 
tract is composed of rolling hillocks of granite or granitic gneiss, which assume 
exactly thA appenurance of bell-shaped masses, so happily illustrated by M. von 
Buch‘, and which we have endeavoured to represent in the preceding woodcut. 

In one spot, we tsaced the granitic gneiss to within a few yards of certain quarries 
a little above it which have been largely worked for millstones. The upper beds, 
consisting of sandstones'like those to which we have previously alluded, alternate 
with greenish-grey shale ; but in passing downwards they become a hard, dark- 
grey, ferruginqus and siliceous grit, beneath which is the band worked for mill- 
stones. The latter (a' of the preceding woodcut) is, in truth, nothing but a pink- 
coloured, recomposed granite or granitic gneiss, in which the felspar and quartz are 
aggregated into a mass completely resembling .the Arkose of Brongniart. Though 
here evidently constituting the true base of the Silurian system, this rock, resting 
on the granitic gneiss of Sweden, could scarcely be distinguished in mineral cha- 
racters from an Arkose of tertiary age in Central France, which we saw many 
years ago ; so essentially do sedimentary rocks of different age resemble each 
other when constructed out of similar crystalline materials*. (See Lyell and 
Murchison, Ann. des Sciences Naturelles, Oct. 1629.) 

Again, in exploring the eastern shore of the great Wettern Lake, to the south of 
Wadstena, among Ijie phsenomena of great interest to which we shall elsewhere 
advert, we found that along the steep shores of the Omberg, one of the few hills 
in Southern Sweden where the granitic gneiss occupies a tract of any considerable 

* We know of no more instructive or truly original description o^ the structure and form of granitoid 
rocks than that which is embraced in Baron Leopold von Buch’s recent memoir in the Transactions of 
the Berlin Academy of Sciences, 1842. We have alstt great pleasure in saying, that we think it is probable 
that the striation of granitic rocks may in some instances be referred (as M. von Buch suggests) to the 
friction by the movement pf overlying masses over underlying domes of granite as resulting from struc- 
tural conditions. (See pp, 540 et seq.) 

• Professor Lbven called our attention to a passage in the Swedish works of Hisinger, wherein that 
geologist describes these millstone quarries, though in his time they were probably not worked down to 
so low a level as atp present. We may furtlier state, that this author’s maps and sections of the strata of 
Billingen, as Veil as of Kinnekulle (all Lower Silurian), are very faithful. On visiting Lugnos, we found 
that the millstones were split off by horizontal fractures from vertical cylindrical columns^ cut out of the 
hard arkose ; and it is worthy of remark, that in its separation, this regenerated rock flakes off with a 
surface more or less raised in the centre, as if imitating the subjacent crystalline mass, from which it has 
been derived. See the oppdhite woodcut, in which the granitic rock^is seen to exfoliate in situ, leaving 
detached sphseroidal fragments of its surface, and thus forming the commencement of the felsen-meer of 
M. von Buch. • 
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height, the relations of the Lower Silurian strata are, if possible, still more strongly 
indicative of their having been derived from tbe adjacent pre-existing crystalline 
rocks. Details of these features would be here misplaced, and fre shall therefore 
offer a few words only upon them. 

The Orthoceratite limestone is largely quarried at the village.of Borghamm, near 
the northern end of the Omberg ; but by coasting that mountain in a boat along 
its western face, the granitic rock of which it is composed, is seen to occupy the 
whole surface for some distance, in cliffs rising to 400 or 500 feet above the lake. 
In about a mile, however, broken masses of the Lower Silurian i;ocks (6 and c) 
occur in nearly vertical positions, plastered as it were against the great wall of 
crystalline rock (o), as represented in this sectional drawing. Still further on, or 
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southwards, the chief mass of granitic gneiss retires somewhat inland, laying open 
combs upon its inclined surface, and in these are very considerable masses of Lower 
Silurian strata with an occasional Orthoceratite, but with little calcareous matter 
and few fossils. These strata occupy a considerable thickness,, both in a slightly 
inclined, almost horizontal terrace, and also in vertical and highly inclined positions, 
as represented in the above woodcut. The inclined strata (6 and c) are chiefly 
composed of soft argillaceous shale entirely unaltered, even when they are in abso- 
lute contact with the granitic rocks, and in them, and also in certain alternating 
courses of calcareous grit, are many included small pebbles and fragments of the 
crystalline rock. Pacing across the edges of one group only of these beds near 
their southern extremity, where the mass of the granitic roc^s retires inland, and 
which, as above exhibited (towards the right-hand of section), are inclined at about 
35® to the north for upwards of 800 paces, their lower part (6) consisting of black 
shale (alum-slate) wholly unaltered,' we came to the lower fucoid sandstone (a). 
Here again there cpuld be no misgivings ; for this sandstone having been consi- 
derably eroded and worn away by the stormy action of the waters of the lake, the 
lower granitic gneiss beneath it (o) has been exposed as a nucleus, around which the 
white, sandy and regenerated sandstone (o, o) has been wrapped, and is still in a 
wholly unaltered state. ^ 
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These facts completely demonstrate what we are contending for, that the granitic 
gneiss and associated rocks of Sweden formed the solid materials of that country 
before the harliest, vestiges of palaeozoic deposits were called into existence. Nay, 
they further prove, that as the Lower Silurian strata in question which are actually 
adherent to the granitip rocks, though highly dislocated, occur in the state of soft 
VihRle and unaltered impure limestone and sandstone, the crystalline ridge of the 
Omberg must have been upheaved as a hard and solidified mass (like the granite 
and gneiss of the Ord of Caithness through the oolites of Brora*), long after the 
period when it had»undergone the fusion and metamorphism which gave to these 
ancient slaty rocks their crystalline aspect. 

Other phsenomena, proving that the lowest Silurian sandstone of these tracts has 
been formed out of the ancient crystalline rocks, are indeed to be found in many 
other parts of Sweden, and we partmularly noted them still further to the south, 
on the high eastern banks and slopes of the Wettern Lake near Grenna, where, 
as well as in the large isle of Visings, the strata are composed of a sandstone that, 
from its red colour, had been mapped as Keuper by Hisinger, but which is simply 
a continuation of the base of the lowest Silurian stratum, its red colour being 
derived from adjacent red felspathic and quartzose rocks (o) out of which it has 
been formed and on which it rests, as here represented. 

3. 

E. * N. of Grenna. W. 


Red orneiiROBC rocks. 



Lake of Wettern. 


Whether this sandstone, which over large tracts in Vestrogothia and Ostrogotliia 
is truly the lowest member of the Silurian system, be universally so in Sweden, 
can only be determined by more extended researches ; but from what we observed 
on the gneissose and granitic hills to the south of the lake of Roxen and near the 
inn of Berg, we should say not. Considerable masses of Orthoceratite limestone 
with associatec^ shales there occupy the depressions and slopes, in cutting through 
which, the^ numerous fossils known to collectors under the name of the locality of 
Hysbifiol were obtained. The black alum shales full of fossils, rising out from 
beneath their calcareous cover with its Trinuclei and Agnosti, are exposed in 

* See Geol. Trans., vol. iil2nd series, p. 306. Professor Phillips since shown, that the chief mass 
of the Malvern Hills is of age anterior to the Caradoc sandstone ; but that section affords no unequivocal 
Lower Silurian or t’rotozoic base like the Swedish cases. 

• D 2 
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shallow quarries and fold over upon the subjacent granitic gneiss, which occasion- 
ally surrounds them on all sides, and without the appearance of any intermediate 
sandstone. Such relations, indeed, we have already alluded to at t^e Egeberg 
near Christiania ; and it is so obvious that in no country can mineral characters 
be considered indicative of the relative age of beds, that we, simply here make the 
remark, because we shall presently have to show, that in Russia the lowest mem- 
ber of the Silurian system is not a sandstone but a shafe, the latter being there 
overlaid by sandstone. 

In certain quarries of argillaceous limestone at Freberga, to^e north of Motala, 
we met with beds absolutely loaded with the circular bodies spoken of at Chris- 
tiania, Spharonites aurantium (His.\ Echinospharites (Wahl.), of the same species as 
those to which we shall afterwards have to allude near St. Petersburg!^ They are 
there clustered together like bundles of enormous grapes, and are associ^^d with 
one of the small Orthidee so common in the Russian deposits of the same'^^^ge. 
Here again the beds, though entirely unaltered, are tilted at the high angle of 
to the north, in the proximity of a hill of ancient granitic or syenitic rock, which 
had doubtless been heaved up en masse like the Omberg, whilst m all the lower flat 
beyond the slope of the limestone hillocks, and extending for many miles along 
the north-western shores of the Wettern See, the lower or fucoid sandstone lies in 
grand horizontal sheets, and is extensively quarried as a building stone. 

Upper Silurian Rocks. — Having thus satisfied ourselves concerning the true base 
of the Silurian rocks, and further of their close relations to strata of the Russian 
governments of St. Petersburgh and Reval, wdth which we were previously well ac- 
quainted ; and being further convinced that with very rare exceptions there are no 
traces of Upper Silurian rocks in the cehtral or southern part of the continent of 
Sweden, it was not essential to our views of classification that we should visit 
Gothland, where such upper strata are so well known to abound. 

In fact, through the kind and liberal arrangements of Baron Berzelius and the 
assistance of our companion Professor Loven, to whose zeal, intelligence and good 

c 

arrangements we were ‘singularly indebted, the rich collections of Hifiinger and 
Dalman were laid before us and a selection made from them, for the„purpose of 
comparison with those of Great Britain, Russia and other countries. A glance at 
the fossils which were brought to England and examined b^ other palaeontologists 
as well as ourselves, is suflScient to convince any one acquainted with the Silurian 
rocks of the British Isles, that whilst the long island of Gland is essentially com- 



PARALLEL OF GOTHLAND WITH ENGLISH AND AMERICAN TYPES. 18* 

• 

posed of the same Lower Silurian group which we had followed over the main land, 
(its Orthoceratite marble limestones having been largely exported to all parts of 
the Baltid), the^ island of Gothland is exclusively of Upper Silurian age. The 
chief rock of this island is a limestone very similar to that of the upper deposit of 
Christiania, and is% loaded with corals, many of which, including Catenipora escha- 
roides, C. Idbyrinthica, Favositea Gothlandica, are well-known species in the Wenlock 
and Dudley limestone of England. With these are associated 

lApttBna depresBa, L. euglypha, Airypa tumida, Pentamertta (Atrypa) galeatua, P, conchidium, Delthyria cyriaana 
(Spirtfer radiatua), Terebyitula Wilaoni Sow. (T. lacunoaa of the Swedish authors), T, marginalia Dalm. (7’. m- 
bricaia Sil. Syst.),*T. reiicularia Linn. (Silur. variety of T. priaca), 7\ nucula, T.plicatella Dal., Euomphalua aulcatua 
His., Poaidonia alata, Avicula retroflexa His., Pellina priaca, Orthoceratitea communia Wahl. (0. Ludenae Sil. Syst.), 
0. imbricatua Wahl., 0. annulatua His. (0. ibex Sil. Syst.), 0. amvlatua Sow. (0. undulatua His.), Phragmoceras, 
Lituitea, Calymene Blumenhachii, C. variolaria Brong., Aaaphus caudatua^, 

and a number of other Trilobites,, among which is a rare example of the genus 
Brontes (Golflfuss). 

The coincidence of numerous fossils published as Upper Silurian types in England 
is 8(f truly remarkable, that doubtless the rocks in the two countries are of exactly 
the same epoch. The actual examination of these fossils has also enabled us to 
see, that certain British species which, judging from the published figures of Hi- 
singer, were supposed to be distinct, are, in fact, identical with forms previously 
named by that author, whose terms will necessarily in all such cases be adopted. 

Whilst the whole Gothlandian group is thus unquestionably proved to be Upper 
Silurian, a large part being undoubtedly on the exact parallel of the Wenlock lime- 
stone, we might (judging from certain fossils, such as the Avicula retroflexa and a 
species of Brontes^, both found with certain Orthoceratites in a sandy rock at Mount 
Homberg in the southern part of the island) be led to think, that the true equiva- 
lent of the Ludlow rocks is also there present. This is, indeed, rendered highly 
probable from what is found to be the case in the Russian island of Oesel (see 
p. 35*). But we desist from any further attempt at close subdivisional comparison 
until we have personally examined the localities®. 

^ Amon^ the Gothland Crinoidea we observed the remarkable Hypanthocrinites decorus as well a« the 
Actinocrinites moniliformis of Dudley. 

• Though not published in the Silurian System, the genus Brontes has been found by Dr. Lloyd in the 
Ludlow rocks, and even in their lower division. The genus is, therefore, common to the Upper Silurian 
and Lower Devonian strata. 

* In his detailed map HIsinger correctly lays down the Island of (^land as consisting in ascending order 
of sandstone, alum slate and Orthoceratite limestone, whilst Gothland is all composed of his younger 
limestone. * 
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Id the Swedish Upper Silurian group there are, indeed, a few species unknown to 
English geologists. But even these, though wanting in England, are found in 
rocks of the same age in other countries. Such, for example, is th^at peculiar shell 
the Offtherim Baltica, or a variety of it, which has been detected in Normandy and 
Brittany, and also, as we shall hereafter show, in the Timan ran^ of north>eastern 
Russia. Such also is the Posidonia alata, which is, if we mistake not, a fossil of ' 
the Clinton division of the Silurian rocks of North America. We cannot make the 
last allusion without observing, that several of the species enumerated, viz. Leptana 
depressa, L. euglypha, Atrypa tumida, Pentamerus galeatus, Orthis elegantula, DeU 
thyris cyrt<ena, D. sulcata, Avicularetroflexa and Hypanthocrinites decorus, as well as 
Calymene Blumenbachi and other Trilobites with some corals, are identical, not only 
with English but also with North American species of the Upper Silurian rocks, — 
a striking illustration of the wide diffusion of sifnilar conditions in the early stages 
of the formation of the surface, of which we shall hereafter adduce many other 
examples. 

To whatever extent, therefore, future researches may prove, that English subdi- 
visions are practicable in it, the Gothlandian group is at any rate a most copious 
and unequivocal display of true Upper Silurian types, which in Sweden are quite 
as distinct from those of the Lower Silurian rocks before described, as in the best- 
studied districts of the British Isles. 

In taking leave of Scandinavia for the present, we must, in the mean time, spe- 
cially advert to the close relations which exist between its Lower and Upper Silu- 

• rian groups and those of Great Britain and distant parts of the world. Of 133 

Silurian fossils which we brought back or noted on the spot. during our recent 
survey, at least eighty-four are British, and from twenty-five to twenty-seven are 
North American species. In this comparison the identity of the Upper Silurian 
groups of the Baltic and Great Britain is, indeed, most surpVising; for among 
seventy-four Scandinavian species upwards of sixty are common to the strata of 
this age in both countries, and of these fifteen to sixteen species are alsq found in 
the Upper Silurian rocks of America. * . 

Such, then, is a brief comparison of the Silurian rocks of Scandinavia wjth those 
of Great Britain, where their order was first established. In publishing our earliest 
general results concerning these deposits we pointedly reminded our brother geo- 
logists, that although in applying the Silurian classification toWtensive tracts, the 

* minor and local subdivisions of the typical English region would probably not be 
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maintainable, a natural separation into Lower and Upper groups might generally 
be looked for in other countries, where strata of this age prevailed*. In Scan- 
dinavia, indeed, |the, identity of two such groups with the British types is not only 
most striking, but even many of the subordinate details in both countries are to a 
remarkable degree^ analogous. 

Having now sufficiently defined the dawn of palaeozoic succession, and our 
readers being, we hope, convinced, that the Lower Silurian rocks constitute the 
earliest-formed sediments in which animal life has been discovered in tracts where 
the series, void of all animal remains in its lowest stratum, rests on crystalline rocks, 
they will now proceed to the consideration of the successive deposits of Russia 
with a clear idea of the earliest stages in the long series of deposits that we are 
about to describe. 

‘ See Lond. add Edinb. Phil. Mag.. 1835. p. 46. and Silurian System passim. Since the last-men- 
tioned work was published, a certain number of fossils not noticed in it have been discovered. Thus, in 
the Upper Silurian, Mr. J. W. Fletcher and Mr, J. Gray, of Dudley, have collected many new forms of 
Crinoidea, including the remarkable bodies named Pseudocrinites by Mr. C. Pearce, and which seem to 
be allied tp the genus Pentremite. 
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SILURIAN ROCKS OF RUSSIA. * 

Introductory View of the prevalent physical Features of Russia in Europe, — Crystal- 
line Rocks to the North of the Silurian Zone. — Line of Elevation accompanied by 
eruptive Rocks and Fissures transverse to the* Crystalline frontier of^ the North . — 
Consequent Obscuration of the Junction between the Azoic and Protozoic Rocks . — 
Silurian strata in the government of St. Petersburgh represent the Lower Group 
only. — Transverse sections of the same to the South of St. Petersburgh and on the 
rivers Ishora, Tosna, Volkof and Siass, showing that the Lower Silurian Rocks are 
there at once surmounted by strata of Devonian age. — Silurian Dislocations and 
Flexures accounted for. — The Lower Silurian beds of Esthonia and Kovno pass up- 
wards into Limestones with Pentameri, intermediate between thfi Lower and Upper 
Groups . — Upper Silurian Rocks developed in the Isles of Dago and Oesel. — Review 
of the characteristic Silurian Organic Remains, proving a division into Lower and 
Upper Zones in Russia, as in Norway and Sweden. (See Map, Table and Sec- 
tion, Plate VI.) 

« 

As a prelude to the description of the geological structure of Russia, we must be 
permitted to say a few words upon the physical features and drainage of that 
great central portion of the empire, the exploration of which has been our main 
object. 

Bounded on the north by a vast country occupied by crystalline socks, and 
surrounded on other sides by the mountains of the Ural, the Caucasys and the 
Carpathians, Russia in Europe may be viewed as a spacious, low, undulating region, 
which opens out into the great depression of the Caspian Sea on the south-east, 
and to the flat countries of Northern Germany on the west.^ 

Considering its magnitude, this mass of land is very remarkable in being de- 
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void of a single elevation approaching to the character of a mountain ; whilst witl 
this absence of altitude, no portion of Europe contains so great a number of fin 
rivers. Tfie prii^cipal watershed which divides Russia into two hydrographicr 
basins, and throws oflf some rivers into the Baltic and White Seas, and others int 
the Black Sea, th^ Sea of Azof and the Caspian, is not even defined by an 
chain of continuous and decided hills. Ranging from the frontiers of Poland o 
the south-west through the Valdai Hills, and thence to the north-east, the centra 
part only of this watershed is entitled to be called a ridge. As erroneous view 
have prevailed .respdbting them, we may here briefly state, that these hills consis 
simply of plateaux which originate between the south end of the Lake Peipus anc 
the river Diina, from whence, rising to an average height of 800 or 900 feet, witl 
a few summits attaining to about 1000 feet, they continue to the north-east, anc 
constitute the yaldai Hills. When studied as a whole, however, these hills extenc 
in reality also from Livonia to the south-east, and range by the sources of th 
Velika and the Diina to Orel, Kursk, and Voroneje, where they form a domelik 
elevation in the centre of Russia, to the geological influence of which we shal 
hereafter* advert. It may in the meantime be remarked, that the south-easterr 
branch of these high grounds, near Kursk and Orel, deflects the river Oka to the 
north until it merges in the Volga, and also determines the northward course of 
the Don, until that stream finds a depression by which it escapes southwards to the 
Sea of Azof. 

It must also be stated, that the Valdai Hills do not form, as some geographers 
had supposed, a continuous elevation which unites with the mountains of the North 
Ural. On the contrary, they rapidly decrease in altitude towards the north-east, 
and are lost in marshy lacustrine tracts, jifst of sufficient height to determine the 
flow of the river Vitegra into the Baltic, of the Onega into the White Sea, and of 
the tributaries of the Volga to the south. These upland lacustrine grounds on the 
north-east, wherein the north- and south-flowing streams are united by the splendid 
canal of Marinsk, are, in fact, analogous to the marshes of Pinsk on the south- 
west, where the south-flowing Dnieper has, in like manner, been connected with 
the north-flpwing rivers Niemen and Bug. 

And here it is worthy of remark, that a line prolonged between the very distant 
canals of Vitegra and Pinsk passes also through the grounds traversed by the in- 
termediate canals of 'rfchvm and Lepel, the former uniting the Volga with Lake 
Ladoga, the latter joining the south-flowing Berezina with the north-flowing Diina, 
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— such line being at the same time coincident with the main elevation of the Valdai 
Hills. As geographers we may observe, that this line is parallel to the axis of the 
great Scandinavian chain, whilst as geologists we can show ip the ^quel, that 
along the minor as well as along the major elevation, the older palseozoic rocks 
only have been upheaved and affected. It was, in truth, ap ac^quaintance with the 
peculiar nature of this long and low Russian watershed which enabled that illus- 
trious sovereign Peter the Great to unite these north and south water basins by 
canals, and thus to secure to his country such important commercial advantages 
and so much internal power*. 

Since the Valdai Hills lie at no great distance from the Baltic Sea, it is evident 
that the streams which flow from them to the north and fall into that sea must 
have much shorter courses than those which flow to the south. Thus the Diina, 
the Msta and Volkof have comparatively rapid descents ; whilst the Volga, which 
rises on the southern slopes of these heights, runs its tortuous course for about two 
thousand five hundred miles before it debouches into the Caspian. 

It might, therefore, be supposed that this south-flowing stream, having to glide 
over an immense space of ground of little elevation, must necessarily aflbrd much 

* Of the few heights which we have ventured to metrk upon our Map, those which have been deter- 
mined by the barometrical observations of Colonel Helmersen, Count Keyserling and others, are, of course, 
to be viewed as approximations only. In one district (Livonia) we have, indeed, been provided with the 
means of inserting some correct altitudes, as determined by trigonometrical survey conducted under the 
direction of our distinguished friend the Imperial Astronomer Struve ; but even in this instmice we can, on 
the scale of our map, do no justice to his most important triangulation, which having been carried along the 
Baltic provinces, is now in the act of being extended to Southern Russia along the Polish frontier. Other 
triangulations having been already carried over Finland, with the certainQr of their being extended, 
through the cooperation of the Swedish Government, to Cape North, the Imperial Government will, 
through the survey of M. Struve, have obtained the renown of measuring an arc of the meridian of the 
earth of much greater extent than any which has been executed either by theiFrench or English Govern- 
ments. For the Livonian triangulation, see “ Resultate der Astronomisch-trigonometrischen Vermessung 
Livlands, von W. Struve, Mem. de TAcad. des Imp. Sciences, St, Petersburgh, 1844.” (See also Address 
to riie Royal Geographical Society of London, 1845.) The southern portion of the ^Russian survey 
above alluded to, is conducted by General Tenner, who has recently communicated to M. Struve and the 
Imperial Academy, 168 elevations in the Western governments. In a letter to Mr. Murchison, M. Struve 
makes the important remark, that throughout m6re than 12 degrees of latitude, the greates'i elevations are 
everywhere nearly the same, or about 1000 English feet above the Baltic ; and that one point only, near 
Kremenetz, has a height of 1328 feet, the maximum level, probably, of tlie western governments between 
the Ghilf of Finland and the Black ^ea. This last observation is of geological and geographical importance, 
in marking the western extremity of the granitic steppe of Volhynia and Podolia, and the high grounds 
from whence the rivers Dnieper, Bogh, Dniester and Bug take their rise (see Map, R. VI.). 
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less geological instruction than the more rapid, north-flowing rivers. But this is 
not the case ; for whilst the streams which flow northwards, from the Valdai and 
its dependincies, ppose the older paleeozoic strata in comparatively short distances, 
the Volga, when followed in its long track, afibrds lessons not less instructive in 
respect to the neweAiorpaations. In fact, the promontories which invariably constitute 
'throughout so vast an extent the right bank of this mighty stream, by no means 
diminish in altitude with the descent of its waters ; for whether examined at Nijny 
Novogorod, in the cliffs opposite Kazan, in those between Simbirsk and Samara, 
or from thence, to Sarktof, the right bank of the Volga maintains an average height 
of 200 to 300 feet, sometimes rising to 400 and 500 feet above the stream. The 
geologist, therefore, often reads an instructive lesson in these cliffs, and traces how 
the younger palseozoic and secondary strata are related to each other, and how 
they are depressed beneath the more* recent accumulations of the southern steppes. 

The north-eastern angle of Russia, which lies between the Glacial Sea, the river 
Dwina and the Ural Mountains, is distinguished by a line of elevations called the 
Timan ridge, the direction of which is at right angles to that of the Valdai, and the 
chief mass of palseozoic rocks. Far removed from civilization and most imper- 
fectly known to geographers till recently explored by one of our own party, this 
narrow low range, never rising to more than 1000 feet above the sea, is very 
remarkable for its persistence from south-east to north-west, through a space of 
about 500 miles. Almost branching off, as it were, from the Ural Mountains in 
north latitude 62®, it separates, in fact, the great basin of the Petchora from the 
affluents of the Dwina and Volga, and forms the north-eastern stony girdle of 
European Russia'. 

The central and southern divisions of the eastern region are diversified by low 
watersheds only, none of which have the persistent character of a chain. Thus in 
the vast government of Vologda, the sources of the rivers Suchona, Jug and Inga, 
which feed the great Dwina in its northern course to Archangel and the White Sea, 
are separate^ by a tract of small elevation only from the Unja, the Viatka, and the 
Kama, whiph flow southwards into the Volga. Lastly, the other numerous tribu- 
taries of the Dwina and the Volga, which spring in the Ural Mountains, and 


' The basin of the Petchora and the Timan ridge were surveyed by our associate. Count A. von Key- 
serling, accompanied by Lieij^. Krusenstem in 1843 (see pp. 230, 332, 412 et seq.). A separate work 
and map of this reg|ion are in preparation by its explorers, in publishing which Count Keyserling describes 
many additional spsmes of fossils. This work will form a sequel to the present publication. 

D* 2 
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iutersect the wide and flat regions of the governments of Vologda, Perm, and 
Orenburg, are there also respectively turned to the north or to the south by ele- 
vations like the Obschey Sirt, which are very slight in reference to thfe enormous 
spread of land by which they are surrounded. 

If it be asked, what is the direct connexion between the^e streams and a geolo- 
gical inquiry, the answer is obvious ; — at least to every one acquainted with Russia: 
In other countries the upper lands often expose stony masses which emerge from 
beneath the soil as separate or continuous rocks, and afford the knowledge the 
geologist requires ; but here the round-backed plateau and loftiest elevation are 
so loaded with detritus of sand, clay, and far-transported blocks, that inspection 
of the concealed strata can seldom be obtained, except in the deep ravines which 
are daily forming on the sides of the valleys, or on the banks of rivers, where the 
subsoil is laid bare by denudations. The waler-courses are, therefore, as truly the 
keys of the internal structure and mineral wealth of Russia, as they are the sinews 
of her commercial intercourse. 

Before, however, we describe the various sedimentary deposits watered by these 
streams, we must first give a brief sketch of their crystalline northern frontier. 

Crystalline Rocks of the North. — ^I’he fundamental rocks of Finland and Lap- 
land, consist, as in Scandinavia, of gneissose and granitic with plutonic rocks, 
many of which have been described by native writers, and some of the prominent 
varieties of which, in the region north of St. Petersburgh, were long ago made 
known to English geologists by Mr. Strangways’. By reference to the Map, 
PI. VI., it will be seen that such rocks, ranging from Norway and Sweden, spread 
out to the north-east over the vast territory which comprehends Finland, Russian 
Lapland, and large portions of the governments of Olonetz and Archangel. Having 
touched at intervals only upon the edges of this crystalline region, it is not in our 
power to describe it. We may, however, be permitted to ^y a few words upon 
certain small islands in the Bay of Onega, an arm of the White Sea, since no 
account of them has yet been published, whilst their description may serve to give 
the reader some idea of one of the classes of rock, so largely developed in these 
northern latitudes. 

r 

Of the islands we examined, Ki-Ostrof is the principal, and lies a few miles 
north of the town of Onega. This narrow strip of rock, surmounted by a pictu- 
resque monastery, and affording barely sufficient soil to sustain a few fir-trees, does 
* Geological Transactions, vol. v, 1st series, and vol. i. 2Qd series 
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not rise more than from sixty to eighty feet above the sea, and is about three miles 
in circumference. It is entirely composed of granitic gnehs, which is regularly 
bedded. * The strata are vertical, and have a strike nortb^north-west, to south- 

I • ^ ^ 

south-east {magnetic), with many joints, the most dominant of which are also 
vertical and cut tie strata obliquely, passing from north-east to south-west. The 
surface of the rock being generally laid bare, the different, vertical beds are well- 
exposed. Among several varieties, some contain much black mica and quartz, 
others hornblende, quartz and felspar, with a little mica ; and in a third, still more 
quartzose, aye certain micaceous beds charged with garnets, occasionally of con- 
siderable size. Quartz veins are apparent here and there, but in our short exami- 
nation we did not observe any signs of true granitic or other intrusive rock. This 
isle is chiefly interesting as being the most southerly point (at the mouth of the 
river Onega) to which the crystalline rocks of Lapland advance in that parallel of 
latitude'. Other islands of similar composition are dotted about the bay, to the 
north of Ki-Ostrof, and one of these, celebrated as the site of a great monastery, 
the resort of many pilgrims, is called Solivetsk. 

But^ though not seen by us in these north-eastern isles or promontories, various 
rocks of intrusive character have been already mentioned as associated with the 
azoic or crystalline rocks of Scandinavia, from whence they continue through Fin- 
land into Lapland and the northern tracts of Russia (see Map). The same sort of 
collocation exists in Finland and Lapland, where the late M. Bohtlingk has recently 
observed", in numerous instances, that the greenstones have been injected into the 
surrounding crystalline masses*. 

Intrusive Rocks ,and Metamorphosed Palmzoic Strata . — Passing from the con- 
sideration of the older crystalline rocks, and those which we had no opportunity 
of distinguishing from them, we would now briefly advert to masses that are cer- 
tainly of posterior* age. In the region under our review, we purposely examined 
the central and northern parts of the Lake Onega and its western bank, where 
trappean rocks occupy a large portion of the surface. Referring our readers who 


^ M. Bohtlingk, in a recent journey round the northern shores of the White Sea, has shown the exten- 
sion of hard sandstone and other rocks on the northern shores of the White Sea (as we have laid it down 
in the Map), but the great mass and nucleus of the country, as in Scandinavia, is made up of gneiss and 
granite, with greenstone. — Acad, Petro, Bull. Scient,, voL vii. 

* See Bulletin Scientinque de TAcaddmie Imp^r., vol. vii. p. 19^. 
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and broken girdle, which extends from south-west to north-east, upon the frontier 
of Finland and Russian Liapland, and is more or less parallel to the chief axis of 
Scandinavia. Passing to the north of Archangel, the north-eastern extremity of 
this great line of disturbance is represented by the channel of the White Sea, its 
south-western end being equally marked by the Gulf of Fiqjani. Throughout a 
large portion of the intermediate tract, similar eruptive and metamorphic phseno- 
mena are visible, and the chief physical features are everywhere nearly the same. 
The line of separation between the crystalline and sedimentary rocks being, on the 
whole, from south-west to north-east (though curvilinear and^adapling itself to 
the contour of the northern continent), that line is, in fact, broken through, at nu- 
merous intervals, either by the eruptive rocks above mentioned, or by numberless 
depressions occupied by lakes and bays, whose major axis is also, on the whole, 
from north-west to south-east. Both the linedl’ eruptive ridges and^the adjacent 
and parallel depressions are, therefore, transverse to the great line of strike or 
elevation. At the very threshold, then, of a history of the subsoil of Russia, it is 
essential to bear these great features in view, because they explain to us how, by 
eruptions, metamorphism and dislocation, all the original junctions between the 
ancient crystalline and palaeozoic rocks, of which we have such clear evidences in 
Scandinavia, have been obliterated in Russia. These phaenomena are further, we 
think, of deep interest in confirming, on a great scale, the accuracy of a view in 
geological dynamics which has recently been worked out in the British Isles by 
Mr. Hopkins', who has shown that in the production of any great line of elevatory 
disturbance, whether affecting straight, curvilinear or ellipsoidal masses, the strata 
must have frequently been rent by fissures at right angles, or nearly so, to the 
chief line of strain or elevation. Now, the Finnish and Lappish frontier of Russia, 
marking a great geological boundary, presents us with such transverse chasms on 
a grand scale ; for they constitute the marine bays of Archangel, Kundulaska and 
Onega, and the great freshwater lakes of Onega and Ladoga, with innumerable 
smaller sheets of water, as well as parallel ridges of eruptive matter, alj of which 
are transverse to the direction of the strata. The plutonic force has thus, found its 
way to the surface through fissures or rents which have given free vent to ebullient 
matter formerly beneath the crust. 

* See British Association Reports for 1836, Tr. Sec. p. 78, and Proceedings of the Geological Society 
of London, vol. iii. p. 363. A memoir, fully illustrative of the views of Mr. Hopkins, is about to appear 
in the Ist part of the seventh volume of the Transactions of the Geological Society of London. 
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In sailing along the Gulf of Finland and passing close under the Isle of Hoch* 
land, we could not avoid there recognising the development of the very same phse* 
nomenon as that which we had witnessed on the Lake Onega. Rising abruptly to 
upwards of 500 feet above the sea, that isle, consisting essentially of porphyritic and 
greenstone rocks, j^eseysts a fine rugged outline, the major axis of which ranging 
Equally from north*north>east to south-south-west, is parallel to the isles and pro- 
montories of Petrozavodsk, like which it has carried up upon its surface, masses 
of limestone which have been altered into marble, and sandstones which have been 
changed into qpartzwocks*. 

The Gulf of Finland, wherein there are three other eruptive islets®, is, therefore, 
not merely the line of physical separation between the crystalline rocks of the north 
and the unaltered sedimentary deposits of which we are about to treat, but is also 
distinguished by the same transverse emissions of plutonic matter as the great 
north-eastern boundary. Whether, then, from violent dismemberments and 
changes along the natural frontier of the Azoic and Silurian rocks, which have 
often produced great intervening depressions, or, as in other tracts, from the enor- 
mous accumulation of granitic and crystalline detritus that encumber the surface, 
enough has already been said to explain, why no satisfactory junctions like those 
of Scandinavia can ever be looked for, upon the long frontier line we have been 
considering. 

In the sequel and through many chapters we shall have to treat of very different 
phsenomena* and to show, that over the largest region in Europe, which has been 
geologically described by any one set of observers, nearly all the sedimentary masses 
are unaltered and undisturbed. And here we must request our readers again to 
cast their eyes over the Map and glance scfuthwards from the line of disturbance, 
alteration and fracture to which their attention has been called, and observe, that, 

* Tlie structure of Hochland is described by Professor Hoffman. (See Beitrage zur Kenntniss des 
Russischen Reiches. 4 Bandchen, p. 101. 

* M. Baer, who has visited them, thus speaks of these isles in the Gulf of Finland in a letter to Mr. 
Murchison : — “ fn tl^ middle of the gulf there are two parallel lines of islets, the one somewhat to the 
north of the other. These latter, embracing the isles of Nerva, Sommer, Hochland and Rodschcr, con- 
stitute a series pf porphyritic eruptions. Hochland is essentially composed of porphyry aiul greenstone. 
Sommer and Rodscher contain porphyry only; and though I was unable to land on Nerva, I was suffi- 
ciently near to it to induce me to believe that it also is porphyritic. All these porphyritic isles have worn 
and striated surfaces, here and there covered with a quantity of erratic blocks, among which the variety 
of Finnish granite called * Rappakivi* prevails. The southern range of isles nearer to the mainland and 
parallel to it are mew sandy dunes covered with blocks." 


£ 
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with some exceptions not far removed from this northern frontier line, all the great 
transverse dislocations cease in the succeeding sedimentary formations; for in 
tracing the Devonian and Carboniferous rocks from the slopes of the Valdai Hills 
to the mouth of the great Dwina, no great upheavals have occurred ; and with this 
absence of elevation no transverse fissures are visible, and ^he whole region is void 
of a trace of eruptive rocks. To feebler exertions of the same influence whereof 
we have been speaking, we shall, however, presently advert in describing the Silu- 
rian strata near St. Petersburgh (see p. 31). 

Silurian Rocks of St, Petersburgh and the Baltic Russian •provinces (see Map, 
PI. VI., with tabular view on the right, and Section across Russia beneath). — ^The 
oldest rocks in Russia containing organic remains form one great series, whose- 
different members have a certain affinity in their zoological contents, yet exhibit 
marked distinctions, and are clearly separalfle from each other by superposition, 
imbedded fossils, and lithological characters. In the north-western regions of 
Russia they are composed of three zones, synchronous with those rock-systems of 
the British Isles and Western Europe to which the terms Silurian, Devonian, and 
Carboniferous, have been applied. A fourth system of this series, largely spread 
out over the eastern countries of Russia in Europe, is that which we have termed 
Permian. Our actual knowledge of these rocks in other parts of the world has 
been sketched in the first chapter; and in the sequel we ^ shall describe their 
succession in order of time, as well as their passage from inferior to superior 
formations, each characterized by typical fossils. The complete 'description, 
however, of these remains, particularly in reference to many species not pub- 
lished by other authors, will form the chief part of the appendix to this volume, 
and the third part or second volume of* our work. In the meantime, the remain- 
der of this chapter is devoted to the consideration of the oldest or Silurian group 
of these deposits, as developed in the Baltic provinces of RuSsia. 

The geologist who has formed his ideas of the older palaeozoic rocks from the 
splendid examples they offer to his inspection in the British Isles^ where they 
attain a vertical thickness of several thousand feet, may well be disappointed when 
he first surveys their equivalents in Russia. Instead of the mountain masses, fre- 
quently in a subcrystadline condition, and often highly dislocated, to which he has 
been accustomed, he sees before him very low undulating hills only, whilst ravines 
of little depth occasionally expose horizontal beds of sof| clay, incoherent sand- 
stone, and slightly consolidated limestone and shale ; the whole differing little in 
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external aspect (in some instances not at all) from the tertiary and cretaceous 
rocks which are spread out around the estuaries of many parts of Europe. 

Little elevated above the Baltic sea, the Neva, and other tributary rivers of the 
northern watershed before alluded to, the calcareous or harder portion of these 
Silurian rocks conCTitufes, in fact, a low terrace, the strata of which, whether abso- 
lutely horizontal, occasionally undulating and even partially dislocated, or almost 
imperceptibly inclined to the south and south-east, are surmounted towards the 
interior by other masses, which represent the Old Red Sandstone or Devonian 
system of English geologists. 

Whatever may be the thickness of these deposits, they thus cover a large area, 
and offer numerous points for examination and comparison, wherever they can be 
detected beneath the superficial detritus. And although this detritus is a great 
impediment to clear observation, a farge portion of it has a direct connexion with 
the true subsoil. Abstracting the erratic northern blocks, sand or gravel, often 
accumulated in patches, and which will be described in the concluding chapters, a 
practised geologist can form a tolerably correct estimate of the nature of the sub- 
strata, by the colour and aspect of the broken materials upon the surface. In 
other words, much of the drift is merely local, and the subjacent rocks have been 
so worked up, as to give a dominant colour to the outline of each geological tract. 
Thus the Silurian zone of the Baltic provinces is at once distinguished by its dull 
light grey colour, from the red (Devonian) zone of Livonia and Novogorod, which 
lies to the ‘south of it. 

As developed in the government of St. Petersburgh the Silurian or grey zone 
consists, in an ascending order, of the following subformations: — 1. Blue Shale or 
Clay. 2. Ungulite Grit and Bituminous Schist. 3. “ Pleta,” or Orthoceratite 
Limestone. 

This, in truth, is Ihe exact order long ago pointed out by an English geolo- 
gist. So early as the year 1819, and long therefore before anything like the true 
general sucpession of the lower or transition formations had been ascertained, the 
physical f^aturhs of the environs of St. Petersburgh and the ascending order of the 
strata were correctly and even minutely laid down upon maps and described by 
Mr. Strangways'. That author showed, that the lowest stratum was a blue 
clay, which occupying all the flat country around the metropolis, was seen in cer- 

' Trans. Geol. Soc., Ist lories, vol. v, pp. 38L, 392 et seq. (See remarks on the successive and subse- 
quent oontributiont of other authors in the Preface.) 
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tain ravines (particularly in all those occupied by the brooks which descend from 
the plateau on the south) to be overlaid by sands and schists, to which he gave the 
name of the “ intermediate bed,” because it lay between the clay ofthe valleys 
and the limestone of the upper tracts or “ pleta” of the Russians. In the lowest 
of these bands no fossils were then known, and since then t];iey nave only afforded a 
few fucoidal impressions. In the intermediate bed, however, Strangways recognised^ 
shells which he termed ” chamites,” and these were subsequently described, first 
under the name of Obolus by Eichwald, and afterwards as Ungulites by Pander. 
The third formation in ascending order, or that of the “ pleta”* limestone, is that in 
which the great mass of the fossils of the government of St. Petersburgh have been 
found, many of which have since been made known through the works of Pander 
and Eichwald, and on these we shall hereafter dilate. Those who wish to make a 
detailed study of the environs of St. Petersbifrgh cannot, therefore, do better than 
take the maps and sections of Mr. Strangways in hand, and apply to his faithful 
and beautiful sketches of the ravines and valleys, the palseontological knowledge 
since obtained, which enables us to show, that this group of strata fairly represents 
the Lower Silurian rocks of Scandinavia and the British Isles, # 

This group occupies a zone varying from forty to sixty miles in width in the 
government of St. Petersburgh. To the west it is clearly exposed in the cliffs of the 
Gulf of Finland and Reval, and in the south of Esthonia and the government of 
Kovno is surmounted by sandy beds and limestone with Pentameri ; whilst the isles 
of Oesel and Dago consist of still younger limestone laden with corals,* and repre- 
sent the Upper Silurian rocks. (See tabular view to the right-hand of the Map, 
PI. VI.) To the east-north-east the continental or lower group traverses the rivers 
Slavenka, Ishora, Tosna, Volkof, and Siass, and is lost under the northern drift 
beyond the fifty-first degree of east longitude. It is afterwards deflected to the 
east-north-east, and is next found in the altered form before alluded to, in asso- 
ciation with the intrusive rocks north of Petrozavodsk, and is, as far as we know, 
no further traceable in the low tracts forming the coasts of the White Sea. We 
shall first describe the Lower Silurian strata where we examined them in the 
ravines and bills south of St. Petersburgh, and on the banks of the rivers Tosna, 
Volkof, and Siass, afterwards following them along the clifis of Esthonia and into 
Lithuania, the Isles of Oesel and Dago. 

Excepting some dislocations in the hills south of St. Petersburgh, to be hereafter 
spoken of, these Lower Silurian strata are generally inclined to t^e south-south- 
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east at an angle of about 2° or 3® only ; an inclination indeed for the most part so 
slight, as scarcely to be measurable by a clinometer. With such a feeble dip 
the true direction could only be detected by observing those points on the rivers 
Tosna, Volkof, and Siass, at which the Silurian group passed successively under the 
overlying Devonira rqcks, and they were thus found to range, as before said, from 
west-south-west to east-north-east, or parallel to the Gulf of Finland and the 
shores of Esthonia. 

1 . Blue Olay . — ^The oldest beds of this zone which are visible, consist, as before 
said, of clay ^hich«occupies the low country on each side of the delta of the Neva. 
This clay or shale is often of a pale greenish or bluish grey colour, in which respect it 
is not unlike some of the soft shales or mudstones of the Silurian series, though it 
varies in being partially sandy, occasionally slightly micaceous and streaked. 
Certain yellow argillaceous veins ^hich are peculiar to it on the sides of the 
Cocrovca ravine near St, Petersburgh are described by Mr. Strangways, and it is 
unnecessary that we should here enlarge on points of this nature, since, in common 
with that author, we have not been able to observe in this stratum any organic 
remains, except a few fucoids, which M. Pander has kindly submitted to us'. 
Though a small thickness only of this clay is visible in any natural section, it has 
been pierced in search of water to several hundred feet in depth, both in the vicinity 
of the metropolis and at Reval, without offering any notable diflference in the beds 
traversed, except a few occasional sandy courses. This fact and the absence of all 
traces of 'animal remains are of high geological importance ; and as a few fucoids 
only have been detected in this deposit, that underlies a zone which unquestion- 
ably contains fossils belonging to the very oldest known Silurian or protozoic 
type, we may fairly believe that this band, like the Swedish fucoid sandstone, is 
the true base of the palaeozoic series, as indicated by a gradual dwindling out of 
animal life in the IcAvest sedimentary deposit of a region, where no eruptions have 
taken place, and where the strata are wholly unaltered. 

If, owin^g to the absence of elevatory movements, the bottom of the shale is 
unknown^ the^relations of its upper part to the overlying strata are satisfactorily 
seen on the sides of several rivers and water-courses, as also in many of the ravines 

^ This clay is not only exceedingly useful in the manufacture of bricks, coarse pottery, &c., but 
from the very fine levigation of its particles, is also an excellent material for casts in sculpture, and is 
largely used for that purpoi^ in St. Petersburgh. When moist it hdb the greenish tint of many of the 
Silurian mudstone^ 
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which intersect the line of hilly grounds extending from Czarskoe>celo to Duderhof, 
where it is seen to crop out from beneath low promontories of supeijacent sandstone 
and limestone. The general order of the strata from Petersburgh on the north to 
the hills of Czarskoe>celo on the south is sufficiently expressed ia^this woodcut. 

' s*. 

8t. Fetenhurgh. Hillf of Cstnkoo-celo. 


6. Ungulitf grit and bitumiaouB schist. e. Orthoceratite limestone. 

The backwardness of the vegetation on the argillaceous tract near St. Peters* 
burgh may with great reason be attributed to the influence of a subsoil, so retentive 
of moisture, wherever its surface is not ameliorated by a cover of northern drift, 
the sandy portions of which aflbrd, on the contfary, a good drainage ^nd a healthy 
residence. Though differing widely in age, the oldest Silurian clay of St. Peters- 
burgh (the equivalent of the lowest Silurian slates of other countries) and the 
tertiary clay of London produce precisely similar effects. The English florist, 
farmer, and valetudinarian, have long since learnt to avoid the heavy and cold 
clay, even where it rises into hills around the English metropolis, and to prefer 
the absorbent gravel and sand with which fortunately in so many parts the clay is 
overspread, and under which its noxious qualities are buried. A,similar distinction 
is quite as apparent between the district of the undulating sandy hills to the north 
of the Neva, and at Pavlosk and Peterhof, and the lower argillaceous tracts around 
St. Petersburgh. 

2. Ungulite Chit . — This sandstone, first described as “ intermediate sandstone ” 
by Strangways, and since named Ungulitd Grit by Pander from the peculiar fossil 
bivalve which it contains, is seen to overlie and pass down into the shale, in the 
ravines and banks of the brooks on the south of St. Petersburg^. Its lowest layers 
frequently consist of whitish sandstone, composed of grains of sand cemented by 
siliceous matter, and in rarer instances assuming the structure of a hard calcareo- 
siliceous grit. In the “ chatoyant” lustre of their newly-fractured surfaces, certain 
portions of the rock, seen in the bed of the Pulkovka brook near Petersbprgb, very 
closely resemble the slightly calcareous grits of the tertiary and secondary forma- 
tions, such as the ” gr^s de Fontainebleau,” the concretions of the Hastings sand- 
stone of England, or the calcareous grits of Brora, and, like t|ese rocks, such parts 
of the Russian sandstone effervesce slowly with acids. i 


a. Blueihale. 
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The upper strata are yellow and ferruginous, and are surmounted by a bitumi- 
nous schist, which sometimes, indeed, is first seen to alternate with the upper 
beds of fbe sandstone, and then distinctly to separate it from the overlying lime- 
stone. \ 

The rock derives its name from being in parts copiously filled with minute frag- 
ments of the Oholus or Ungulite^, which, from their dark and shining aspects, give 
to it a very remarkable aspect. This peculiar rock, which on the Pulkovka and 
Popofka brooks (the first to the west, the second to the south of Czarskoe-celo) 
is not more tjjian from twelve to twenty feet thick, expands gradually in its course 
both to the east and to the west, until it becomes, in some places, a considerable 
mass. Upon the Ishora* and Tosna rivers it is seen to rest upon the lower shale, 
and to be capped by the schist and limestone. Its lower or whiter beds are there 
laminated wijth thin courses of shalfc or impure fuller’s earth, whilst the uppermost 
bed (which there alone contains Ungulites) is highly ferruginous, with a few large 
pebbles of quartz. On the Volkof and Siass rivers, the Ungulite grit is also seen 
reposing upon the blue shale ; on the former, about two miles below Starai Ladoga, 
on the* latter between Pulnitza and Rebrova. On the banks of these rivers the 
sandstone assumes the importance of a distinct formation, and occupies cliffs 
upwards of 100 feet high, the lower portion white, the upper yellow and ferru- 
ginous. 

On the Siass it is composed of thick bands of an incoherent sandstone which 
weathers \o a white colour on the external surface of the cliff, but is of a pinkish 
hue when fractured, and slightly freckled with ferruginous stains. The beds are 
occasionally separated by thin courses of shale or clay, and the whole rests distinctly 
upon the blue clay. Occasionally these 'ferruginous beds become a botryoidal or 
mammillated iron sandstone. 

Near Starai Ladoga on the Volkof, the rock is for the most part a friable, 
incoherent sandstone, though it is probable that if deeply cut into, it might afibrd 

a tolerabk building-material. In its range to the west it is often, indeed, more 

• 

* This fdlisil shell was first described by Eichwald under the name of Oholus, which we retain in our 
description the organic remains. We use, however, the name of Ungulite grit (so applied by Pander) 
because it has obtained geological currency. I'he multitude of the small shining fragments of this 
homy shell might, at first sight, be mistaken for plates of mica, and we have already adverted to shells of 
similar characters in the oldest Silurian shelly rock in North America. 

• In one spot on the Isl^ra, as remarked by Strangways, the white sand is so fine that it is extracted 
for hour-glasses and writing purposes. 
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ct^careoQB, freqaratly concretionary, of a harder consistency, and apparently of a 
very durable composition. This is well seen in the escarpments on the banks of 
the river Narva, on which the ancient Moscovite castle stands, where a feh'uginous 
and calcareous cement has so bound together the minute and broken Ungulites 
with coarse grains of sand, that the faces of the rock are qyite impervious to the 
action of the weather. For a long time we supposed that the Ungulites were ex- 
clusively found in the lower sandstone or grit, but at Vassilkova on the river Lava 
(between the Volkof and the Siass), M. Pander has found them intermixed with 
the Orthidse, Orthoceratites, Trilobites and Sphseronites of the overlying pleta 
limestone ; the calcareous mass in which these remains occur being superposed 
to a considerable thickness of Ungulite sandstone. 

With the exception of two very rare species of Orbicula’ which we detected on 
the banks of the Tosna and the brook near Crs&noe-celo, the Ungulites seem to be 
the sole tenants of this sandstone. These fossils, to which we naturally paid great 
devotion, as being the most venerable animal remains of northern Europe, are not 
confined to one part of the rock, but are scattered throughout it, usually in vast 
quantities, often in very small fragments, but at intervals are better preserved. 
On the Volkof and Siass the same courses of clay or shale are observed as at the 
Tosna, and the sand-rock is often of a delicate pink colour, but with the exception 
of some irregular courses of sub-concretionary purple grits, the whole mass falls 
readily to pieces under the hammer. The Ungulites vary in their dimensions from 
the size of a pea to that of a sixpence *, and occur in great profusion. W e refer to 
our description of these singular protozoic fossils in the second volume, merely 
observing by the way, that they have not yet been found in any portion of Western 
Europe, and that they have been rightly fcfrmed into a genus by the Russian authors 
Eichwald and Pander. 

c 

* One of these we named after our eminent friend M. von Buch. (See vol. ii. and bottom of the 
Table of fossils attached to the Map, PI. VI.) 

* In some rare instances tliey reach to the size of three-fourths of an inch in diameter, particularly at 

Baltisch Port, in the cliffs of Esthonia. As in all sub-formations which constitute paijs of a group, the 
Ungulite grit or sandstone passes in some situations into and alternates with the overlying calcareous 
strata. This observation was made by our friend M. Pander at Baltisch Port in Esthonia, /rom whence 
we have obtained rock specimens in which the sandy laminee with Ungulites are interlaced with impure 
limfwt»T.P containing green grains and fossils of the overlying “ pleta.” At Briggetten Kloster and 
Baltisch Port, the Ungulite grit hM been found by Pander to be occasionally a pebbly rock, in parts of 
which are pebbles of white quartz, but the greater number of the included (Augments consist merely of 
rounded schist. '■ 
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Bituminous Schist.^Thia schist, sometimes of darkish green, but usually of 
black colour, which occurs pretty generally between the Ungulite grit and the 
limestone (and was classed with the former by Strangways), is mineralogically not 
unlike many beds Known in the carboniferous rocks of England. It may be com- 
• pared with the “ bat” o‘f the Staffordshire coal-field, and might even be assimilated 
to certain hard beds of the Kimmeridge clay, so little do lithological characters 
alone enable us to decide upon the age of rocks. It is specially distinguished by 
containing rounded,^ or oblate sphseroidal nodules, or calcareous concretions, the 
surfaces of whi6h are marked by projecting crystals of calcareous spar and pyrites 
radiating from a common centre. Being highly carbonaceous at the falls of the 
Sablenka, a tributary of the Tosna, it is there partially extracted from beneath the 
limestone, for the manufacture of course pencils. Though this black schist is very 
persistent, and*is seen in all the sections of the hills which range from Duderhof to 
Czarskoe-celo, as well as on the banks of the Volkof and Siass rivers, it is of incon- 
siderable thickness, and seldom contains organic remains. In Esthonia, however, 
where it is in parts highly bituminous, a few graptolites and organic remains have 
been discovered in it. 

3. “ Pleta” or Orthoceratite Limestone. — Occasionally, as on the Pulkovka 
brook, beyond the observatory, and again on the Popofka, a feeder of the Slavenka, 
some of the bottom layers of the limestone are of a dullish red colour, and have the 
glistening fracture of a sandy dolomite, but in general the lowest strata are cha- 
racterized by containing a profusion of grains of dark green mineral like chlorite 
in a light grey-coloured base. According to the examination of M. Abich of 
Dorpat, it would appear that such green ^grains are the detritus of the ancient 
augitic rocks of the Finnish frontier ; and our friend M. Worth has even detected 
small portions of majachite and “ blei glanz ” in these lower beds. In lithological 
aspect, however, these lower beds usually so resemble the “ craie chloritde” ofthe 
French, and some varieties of our upper greensand, that when mineral characters 
were the chfef guides of geologists, they were even supposed to belong to the cre- 
taceous syslem ! They are usually separated by way-boards of reddish and green- 
ish-grey shile. These are again surmounted by a considerable thickness of dingy 
grey, earthy, flat-bedded and slightly consolidated limestone. The lower as well 
as the central or argillaceous beds of the limestone, may be well seen in the ravines 
of the St. Petersburgh Hills, extending from Czarskoe-celo to the hills of Duderhof, 
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viz. on the banks of the Pulkovka and Fopofka brooks, and on the banks of the 
Tosna. 

C 

It is in these districts that the greater number of the Loiter Silurian fossils of 
Russia have been obtained, many of which are figured in the Works of Pander and 
Eichwald‘. In the beds exposed on the sides of the PulkOvka brook, ‘we collected, 
the following fossils: Lingula longissima (Pand.), Orthis obtusa (Pand.), 0. calli- 
gramma (Dalm.), 0. inflexa (Pand.), 0. adscendem (Pand.), 0. hemiproniles (V. Buch), 
Leptana imbrex (Pand.), Orthoceratites vaginatus (Scbloth.), 0. duplex (Wahl.), like- 
nus crassicauda (Dalm.), and Asaphus expansus (Dalm.). All the valuable specimens 
(some of them unique) which enrich the cabinets of St. Petersburgh, also come 
from this and other ravines in which the strata are exposed. Besides the two usual 
above-mentioned Trilobites, these strata are found to contain other species already 
known in Sweden or in England, such as Calymene polytoma (Dalm.), C. Fischeri, 
C. sclerops (Dalm.), C. Downingia (Murch.), Ampya; nasutus (Dalm.), Metopias aries 
(Eichw.), TV. spluericus (Boeck), and very rarely the Asaphus Buchii and A, Heros 
(Dalm.), or tyrannus^. 

Among the brachiopods from these spots we may cite as particularly worthy of 
note the Spirifer lynx {biforaltts, Schloth.), a species around which as a type many 
varieties may be ranged, the Spirifers of the group of 8 . eequirostris {Terebratula equi- 
rostris, Schloth.), the Siphonotreta unguiculata, Orthis parva and Crania antiquissima 


’ See Pander, Beit Geogn. Ruasland, 1830, St. Petersburgh ; and Eichwald’s works, Geogn. Zool. per 
Ingriam marisque Balt. Prov., &c., 1825 ; Zoologia Specialis, 1829 ; Urwelt des Russlands, H. 1 and 2; 
and Silurische System in Esthland, 1840. Both M. Eichwald and M. Pander have compared the palteo- 
zoic rocks of Esthonia and St. Petersburgh with those of Sweden, and have hhown that the fo-ssils of the 
two countries are essentially the same. 

^ The Asaphus tyrannus (heros, Dalm.), or a form which M. Eichwald thought might be united with it, 
is mentioned by that author a.s occurring at Odinsholm (Silurian System in Bsthland, p. 80). Since then 
it has been found by His Imperial Highness the Duke of Leuchtenberg at Grafskaya Slavenka as well as 
the Asaphus Buchii, an important addition to our knowledge. The quarries of Grafskaya Slavenka and 
Fedorofski, south of Czarskoe-celo, particularly the former, have afforded to the zealous jcsearches of the 
Prince a great variety of other fossils, including three new species of Trilobites, Vhich he has named 
Asaphus centron, A. longicauda, A. hyorrhinus, and Nileus nanus. Besides some species of Trilobites, Or- 
thoceratites and Testacea, previously named by M. Eichwald and M. Pander, the Duke has further disco- 
vered and named the new species Pileopsis borealis, Terebratula digitalis, with two new species of Crinoidea, 
one of which is termed the Gonocrinites giganteus, &c., &c. See " Beschreibung einiger neuen Thierreste 
von Tzarshqje-celo, von Ufaximilitn Herzog von Leuchtenberg,” with a copy.of which memoir His Imperial 
Highness has honoured us. * 
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(nob.). The ravines in the calcareous plateau are also rich in those peculiar 
bodies (Cy^tidea of Von Buch) which characterize the Lower Silurian rocks of 
Scandinavia and ^ssia, of which the SpJueronites {Echinospharites) aurantium and 
8. pomum are the most abundant. With these are occasionally associated Echino- 
^encrinite$ angulosus, E/striatus, together with Oryptocrinites cerasua and Hemicos- 
mites pyriformis (the two latter being new species described by Von Buch). Of 
these the Echinospheerites aurantium, with some minute Orthida and the Favosites 
Petropolitanus^ (Pand.), seem to be characteristic of the upper beds exposed in the 
hills of Duderhof. 

On the Tosna, a little above the village of Nikolskaya, the cliffs present in one 
vertical section the whole series from the top of the blue clay at the base, through 
the Ungulite sandstone and bitumincjus schist to the chloritic beds, or bottom of 
the overlying limestone. In the latter we collected many specimens of the small 
Orthis obtusa and O.parva (Pand.), associated with the Leptecna imbrex (Sil. Syst.), 
and the Asaphus expansus. 

So far, then, the different members of the same system are developed at those 
well-known localities ; but before the period of our first visit, no natural section 
had been discovered which clearly exposed the relations between this Lower Silurian 
group and the next overlying formation. This we first effected by an examination 
of the banks of the river Volk of, as explained by the following woodcut. 


4 . 



tt. Blue dty of the low country near the mouth of the rivrr. b. Cliffs, 80 to 100 feet high, of Ungulite grit and sandstone, which to the south of 
Stand Ladoga are overlaid by bitumino^ schists (c), and the lower and upper limestone (d, e and/) ; the latter uccupjdng the cliffs at Pctropavlosk 
(the Upper Silurian group being absent), is at once surmounted by rocks which form the base of the Devonian Mystcni. 


We may here offer some details of the succession of these calcareous strata. 
After passing owr the low country occupied by the blue clay and the clifls com- 
posed of Ungulite sandstone, the banks of the Volkof show the superposition of 
the lowest beds of the limestone to the bituminous schist and Ungulite sandstone. 
Such an order occurs about three versts above Starai Ladoga, and on the right bank 
of the river opposite the hamlet of Isvosk. • 

’ Mr. Lonsdale shows that tlis coral, so characteristic of the lower rocks of Russia and Scandinavia, and 
also, as we believe, now found in the Lower Silurian of North Wales, is a Chatetes (see Appendix A.). 

.• F* ? 
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g. Thin beds of impure limeetone, alternating with dull red and green, eoncretionarjr marlatone, the whole covered 
by drift (h), containing granitic and other blocka.*-/. Upper and thin-bedded limeato^e, without chlorite, 
and containing Orthoceratitet ttaghuthUf 0. lUrnmu erttuiC9^t Aiaphtu expannUi-^, Chlo- 

ritic limeatone, in beds ftom aix inches to one foot thick, of light grey colon . in part earthy, in part compact, 
and speckled throughout with numerous grains of dark green chlorite, aome^ which are crystalline. Among 
the fossils are OtMm tMlligramma^ O. o6fuao, 0. paroa (Pand.), and abundance of Trilobitea, AaaphuM exparmui 
and JlUmut eraaiicauda. A few Sphmronitea are also present, ahd on the aurfece of the beds are tome 
markings of fiicoids ?^. Bituminous schist, with coneretionB of calcareous ipar.-~c. Ferruginous grit with Un-^ 
gulitcs.~a and b. Yellow sands and sandstone, and whitidi incoherent sandstone. The cliff ia about sbcty feet 
high. 


Other beds of highly argillaceous limestone, superior to those represented in the 
above woodcut, and forming the central mass of the depol^it, occupy the cliffs 
between Isvosk and Petropavlosk, and are largely excavated for the manufacture 
of hydraulic cement. In these quarries we found several fossils similar to those 
of the lower limestone at Isvosk, viz. Asaphus expansus, Illanus craasicauda, Ortho- 
ceratites vaginatus and 0. duplex ; and in aijiiition to them, Orth.Jtacillus, Euom- 
phalus qualteriatus (Schloth.), Siphonotreta verrucosa (Lingula, Pand.), Lepteena im- 
brex (Pand.), &c. Fucoid-like bodies also occur upon the surfaces of the strata'. 

At Petropavlosk, where the cliff rises to a greater altitude than in any other 
part of the river-banks, still higher strata appear, and these, sloping aWay at an 
almost imperceptible angle to the north of the village of Bor, pass under certain 
red and green strata which are the lowest beds of the Devonian system. Like the 
highest strata, which are exposed in the hills of Duderhof near Petersburgh, these 
upper limestone beds on the Volkof contain Sphseronites in vast abundance, 
particularly the S. aurantium, together with the Chatetes Petropolitanus, and a few 
small Orthidce. 

On the Siass we observed a succession of the lower formations precisely similar 
to that which is exposed on the Volkof and at Rebrova, where quarries of the 
chloritic limestone afforded, among other characteristic fossils, a gigantic specimen 
of the Asaphus expansus. In recently ascending the banks of this river above the 
point of our united explorations in 1840, we also obtained unequivocal proofs of 
the Lower Silurian strata being at once overlaid by true Devonian beds between 
the villages of Siaski, Rodok and Buyanetz*. The lower strata there consist of 
calcareous flags alternating with red and green marl, overlaid by a limestone with 
small concretions, and loaded with Orthis calligramma (Dalm.), 0. plana, O.injlexa, 

0. extensa (Pand.), Asaphus expansus, Orthoceratites vaginatus, Chatetes Petropoli- 

« 

^ Colonel Helmereen discovered tracA of copper ore in these liJ^estones of the Volkof. 

* Observation of Count Keyserling. 
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tarm, &c. This perfectly characterized Lower Silurian band is at once conform- 
ably suri^ounted by other red and green marls with calcareous flags, followed by 
micaceous brownisl\,-red sandstone and other marls and flags and in this group 
are the followin^true Devonian types, viz. Orthia striatula (Schloth.), Terebratula 
lAvonica (V. Buch.), Bpirifer muralia (nob.), Orthoceratitea cochleatum and Serpula 
omphalotea ; with which species are mingled fragments of ichthyolites, such as Den- 
drodus and a remarkable species, of which we shall speak in the next chapter as 
having been been first found on the river Siass by Mr. Strangways, Placosteus 
meandrina (Ag). tSee note, p. 47.) 

The same flaglike structure of the upper calcareous beds, which is apparent on 
the banks of the Volkof and the Siass, is also seen on the Vloia, a small tributary 
of that river, and at about twenty-five versts north of the junction before alluded 
to, where these Silurian flags rise out by an undulation, from beneath a trough of 
Devonian strata, and occupy a low dome near the village of Possobea, as repre- 
sented in this figure. 

N, ' 

Poaaobea. 


Lower Silurian. Devonian. Dome of liowor Silurian flaga. Devonian. 

These uppermost Silurian beds are yellowish and white, sandy, calcareous flag- 
stones, in parts hhving a delicate green tint. They contain several fossils which 
clearly refer them to the Lower Silurian group ; such as Orthis adscendens, and 
two other species of this genus ; together with a Terebratula and a Trilobite 
closely approaching to the Asaphus expansus. 

Dip, Undulations' and Dislocations of tjie Strata. — It was in the quarries of the 
hydraulic limestone, north of Petropavlosk, that we first ascertained the very slight 
inclination of the strata to be towards the south-south-east. Large surfaces of the 
rock being laid bare, we perceived that the rain-water, which had recently fallen, 
flowed slowly to the south-south-east, and lodged against the edges of the unquar- 
ried rock m that direction*. The clear continuous section of the Volkof obviates, 
however,* the necessity of such a test, even where the clinometer may fail to 
register the inclination ; for though some difficulty may exist, when one vertical 
face of rock only is examined, the geologist who views at a coup-d'oeil the strata 

' M. Pander, we may fmther observe, has recently observed a Similar junction of Lower Silurian 
with Devonian on the h ank s of the river Loya, a feeder of the Lake Ladoga, thirty-six versts above 
Schlusselburg. 

• A similar experiment gave a like resultwm the limestone quarries on the river Siass. 
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exposed for several miles on the banks of this straight-flowing stream, can recog- 
nise, without hesitation, their order and succession, as indicated in the )ittle pre- 
ceding woodcut. Looking southwards from the abrupt cliflf at Petrqpavlosk, he 
sees the upper beds of the grey Silurian rocks declining graduall^ in the distance 
till they are overlapped by the red Devonian beds. * 

Whilst we speak of a very slight, general inclination to the south-south-east, we 
must explain, that we believe it to be often accompanied by broad undulations, 
sometimes leaving the strata in almost horizontal positions, and at other times 
producing domes and troughs like those on the Volkof and Vloia, to which we have 
just adverted. It will hereafter appear, that such undulations occur also in the 
Devonian rocks of Courland, and in other districts ; and we would now show, that 
in certain tracts, the movement of the strata ^has proceeded to such an amount 
as to produce considerable dislocations. 

Although, therefore, we have spoken of the horizontality of the Silurian rocks, we 
must, therefore, except from this remark some of the beds which are exposed in 
the ravines of the hilly grounds watered by the Pulkovka brook to the south of 
St. Petersburgh, i.e. between the Duderhof Hills and Czarskoe-celo. The sections 
of Mr. Strangways established by clear evidences, that the strata on the sides of 
this rivulet are fractured and thrown into rapid undulations', which M. Pander has 
since sought to prove might be explained by subsidence and derangement of the 
inferior clay. To us, however, it is manifest, that the dislocations on theJPulkovka 
cannot be referred to such a cause. The breaks and repetitions seen along the 
sides of the little valley, from above the village to a verst or two below it (as ex- 
pressed in the following woodcut), can, we contend, be alone explained by elevatory 
movements®. 

SECTION ALONG THE PULKOVKA BROOK. 5*. 

E.N.E. • W.S.W. 


4. Drift, and northern erratic blocks. h. Ungulite sandstone. * 

d. Limestone. 6*. Ungulite sandstone in bard concretions. * 

e. Bituminous schist. o. Blue clay. 

• 

* GeoL Trans., old series, vol. v. pi. 25 and 26. 

< Colonel Helmersen has well remarked, that the blue clay rises to a much higher level to the south of 
St. Petersburgh than in Esthonia, and he accounts for this fact as well as for these dislocations by eleva- 
tion. — Ann* des Mines de Russie, 1^8, p. 102. M. Pander was formerly di|posed to attribute the con- 
tortions and dislocations on the Pulkovka to subsidences caused by the conflagration pf the bituminous 
and pyritous schists beneath the limestone ; but we apprehend that with the present amount of evidence 
he would no longer adhere to riiat idea. * « 
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That such rapid undulations and breaks (though partial exceptions when such 
a large surface as Russia is considered) are due to disturbances of the strata by 
elevations from beneath, we have further satisfied ourselves by an examination of 
the banks of the Vopovka rivulet to the south of Pavlosk. This stream, which falls 
into the Slavenka, occupies a longitudinal chasm, which as nearly as possible coin- 
cides with the general direction of the strata in the environs of St. Petersburgh, or 
from west-south-west to east-north-east. Near the plateau from which the water 
descends, the pleta limestone lies in great horizontal masses, and is thus observed 
to fold over hi gentle undulations, which so increase in measure as they approach 
the village of Popovka as to form a complete arch, as represented in the following 
woodcut. By this curvature the Ungulite sandstone {b), with the bituminous schist 
(c) over it, is thrown up in an arcl^, over which the pleta limestone (d ) folds rapidly 
over to the isast, and is seen in highly inclined beds at the little bridge. After 
several minor flexures a decided transverse fault is exposed in a low hill, and 
winding along another denudation, the clifl* on the right bank is a marked and 
decided elevation, called the Pastor Hill, from sixty to seventy feet above the 
water. * Here the great mass of the “ pleta ” limestone, rising gradually to the 
west, is again regularly succeeded, first by the bituminous schist (c) and Ungulite 
sand (6), and finally, near the village of Poselevo or Peselova, by the lower shale (a), 
which there is of a greenish tint. 

6 . 

E.N.E. Pastor HiU. Popovka. W.S.W. 



No geologist cans view these sections without admitting, that they exhibit clear 
evidences of dislocation. When, indeed, it is seen that the brooks of Pulcovka and 
Popovka both run in rents nearly parallel to the general strike of the formation, and 
that, thou^ separated from each other by a space of twelve or fifteen versts, they so 
exhibit tlie same violent transverse flexures and even fractures, that those of Pul- 
covka, when prolonged, coincide with those of Popovka, no doubt can be enter- 
tained that they have resulted from the same operation. In truth, the axis of 
these arches and the direction of the faults are from noriji-north-west to south-south- 
east, or directly at ri^ht angles to the general bearing of the formations, and we 
therefore feel%>nfident, that such dislocations athwart the prevailing line of eleva- 
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tion of the mass, must be viewed as parts of the same phaenomenon to which we 
have alluded as occurring aU along the Finnish and I^ppish fronUer, andof which 
the isle of ^ochland in the Gulf of Finland is the prominent upon the west. 
In a word, we regard all the transversal valleys, by which numerous streams flow 
from the palseozoic plateau on the south to the Gulf of Finla&d, as having been de- 
termined at the time when that plateau was raised, and subjected to a tension by 
which it was transversely broken. The causes of this elevation are to be sought 
in the same expansive forces through which the plutonic and eruptive rocks have 
found an issue to the north ; and which, though suppressed in the ihore southern 
tracts, have manifested their influence in the transverse domes and fissures we have 
just described. We further believe that these upheaving causes have been mainly 
instrumental in the formation of the larger rivejr gorges, and even perhaps in deter- 
mining the great transverse depression of the Lake Peipus (see Map).' These phse- 
nomena afford, therefore, we repeat, a confirmation of the views of fracture as 
resulting from elevation, to which we have previously referred, p. 24 et seq. ■ 

Now here we must observe, that the strata thus affected in the government of 
St. Petersburgh are precisely of the same age as those which at Kinnekulle, the 
Billingen Hills, and other places in Sweden have been perforated and covered 
by basaltic trap, and which on the Lake Wettern we have shown to have under- 
gone great flexures and breaks (p. 17). But whilst we speculafte on some of the 
ancient movements which affected this region and parts of Sweden having taken 
place after the completion of the Lower Silurian group and before the accumula- 
tion of the Upper, — movements by which it W’as placed beyond the influence of the 
waters wherein the Upper Silurian strata were accumulated, and which seem to 
have increased in intensity from south-west to north-east, we must admit that the 
breaks and contortions which have just been described may have occurred at a 
much more recent period, or after the consolidation of the carboniferous rocks. 
This opinion is grounded on the facts, that along the northern frontier (p. 23*) the 
Devonian strata are equally metamorphosed as the Silurian ; and th^t the carboni- 
ferous limestone of the Valdai Hills has also been affected by similar fransverse 
breaks, as will appear in the 5th Chapter. In short, as far as we had th^ means of 
determining it, the amount of disrupture is frequently coincident with the height 
to which the strata have bepn elevated, and the greatest elevation certainly took 
place after the completion of the carboniferous limestone. ^ 

Junction of Lower Silurian with Devonian Strata South of St. Pet^sburgh . — The 
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clear and unambiguous sections of the Volkof and the Siass have already demon- 
strated, tht)^ Lower Silurian limestone, similar to that of the hills of Czarskoe-celo, 
is at once surmounted by a red formation with ichthyolites of the Devonian age. 
This occurs at a ^ery few miles only to the south of the section on the Popofka, 
, and only thirty-five versts to the south of St. Petersburgh. In his work on the en- 
virons of St. Petersburgh, Strangways, who must have closely surveyed this district, 
has indicated in his map the occurrence of a “ red earth of doubtful character” on 
the sides of the Ishora river, at the hamlet of Ontoleva. 

The spot thus indicated appears, however, to have escaped the notice of geolo- 
gists during many intervening years ; for since the notice of it by Strangways, no 
one seems to have explored this locality until M. Eichwald recently visited and 
described its rocks. At that period (1843, subsequent to our two first visits to 
Russia), and after the existence of the true Old Red or Devonian along the southern 
frontier of the Silurian rocks had been established and even laid down by Colonel 
Helmej:«en in a small general map, there could be little difficulty in asserting, that 
this red earth of Strangways formed really part of the Devonian system. But 
M. Eichwald had then found no fossils in it. Such, however, were soon afterwards 
discovered by one of our own party (Count Keyserling), accompanied by M. Worth, 
the account of which result has already been published in the last volume of the 
Mineralogical Society of St. Petersburgh. This sketch further contains an account 
of the extepsion of these beds high up the Ishora, thus connecting them with the 
great mass of the Devonian system which we had formerly recognised and shall 
hereafter describe. As this discovery was made long after our chapter on the 
Devonian strata and a large portion of this volume were printed, and as another 
member of our party has since visited the principal localities (August 1844), we 
deem it essential to give a short account of the order of the strata with a brief 
allusion to their contents, particularly as the latter have thrown new light upon the 
fauna of the Devonian system. 

Inclining Very slightly to the south or south-south-east, the pleta limestone of 
the plateau*of Czarskoe-celo, here of greenish and reddish colours and loaded with 
Orthoceratitis, and passing by Grafskaya Slavenka, is overlaid by other beds of 
somewhat similar structure, as exposed near the hamlet of Ontoleva. These upper 
strata are so perfectly conformable to the lower, that if^ unquestionable Devonian 
remains had not been f^nd in them, they might have passed for some ambiguous 
and hitherto undescribed member of the Upper Silurian group. At Ontoleva, 
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however, where they contain concretions of calcareous spar, these sandy and marl- 
stone beds have afforded fishes’ scales disseminated in a cream-coloured marlstone ; 
and on following them up the stream to Marina and Poritz^ the few feet of marl- 
stone visible at Ontoleva expand into cliffs twenty to thirty feet high, in which 
bands of purple and grey colours are found to be absolutely loaded with fragments 
of ichthyolites. Thanks to the repeated visits and liberal expenditure of M. Worth, 
who encouraged the peasants to break up this rock, a rich collection of these fossils, 
some of them in the highest state of preservation, has been obtained, a selection 
of which was transmitted to M. Agassiz *. 

In referring our readers to the descriptions of them by that great authority, 
whether in our second volume or in his own admirable work*, we may here briefly 
state, that with a number of species, identical with forms of the Old Red Sandstone 
of the north of Scotland, several new and remarkable genera are also found here. 
Of the former we may cite Diplopterus macrocephaltts (Ag.), Glyptolepis leptopterus 
{Ag.) , Holoptychius Flemingii (Ag.), Actinolepis tuherculatus (Ag.) (a new genus and 
species common to Scotland and Russia), Dendrodus strigatus (Owen), D sigmoides 
(Owen), Lamnodus biporcatus (Ag.) (Dendrodus of Owen), L. Panderi or hastatus 
(Ag.) (Dendrodus of Owen), and Glyptosteus {Bothriolepis, Eichw.) favosus (Ag.). 
Other forms as yet unknown in the British Isles (though belonging to typical De- 
vonian genera of that country) are species of the genera Onchus and Byssacanthus, 
Ag., which with the Psammostens arenatus (Ag.) and some of the above-mentioned 
species range from Riga to Andoma, near Vitegra, in the deposits we shall describe 
in the next chapter as Devonian. Among the rarer forms are two species of Cte- 
nodus, a genus never found hitherto in any other system but the Carboniferous, 
and these have been named by M. Agassiz, Ctenodus Keyserlingii and C. Worthii. 
Other species pertain to the new genera which that author terms Homacanthus, 
Haplacanthv^, Narcodes, Naulas, Cladodus, &c. 

These ichthyolites, like those mentioned in the next chapter, are not only of 
deep interest from proving the absolute identity of the Russian deposit with the Old 

' The shells and other fossils of the Devonian system are mentioned in the next chapter, and the 
present introduction of this passage explanatory of the Devonian rocks of the Slavenka'^has solely been 
introduced because their discovery was made long after the third chapter was printed. Higher up the 
Slavenka and Ishora, the calcareous and marlstone beds mentioned in the text graduate into complete 
sands. Mr. Murchison, accompanied by Ck>unt Keyserling, M. Worth and M. Volborth, examined the 
chief localities of these Devonian beds at Ontoleva, Poritz and Marina, in^^ August 1844. 

^ Monographie den Poissons du Systeme D4vonien ou Old Red, liv. iii. 
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Red Sandstone of Scotland, but also from showing the existence of many placoid 
fishes of thp highest organization in strata of such remote age. It is, indeed, the 
more necessary to dw^ll upon this last-mentioned feature, since the Upper Silurian 
rocks of the Scandinavian and Russian Isles, though teeming with other marine 
remains, have not afforded a trace of fishes, and that the ichthyolites here men- 
tioned lie in the very lowest beds of the Devonian rocks of the northern continent' 
(see Observation and Postscript at the end of this chapter). 

Lower Silurian Rocks of Esthonia . — ^The chief masses of “ pleta” limestone 
which occur along the Baltic coast, where they equally repose upon the Ungulite 
grit and sandstone, and usually with the separation of bituminous schist, as in the 
country already described, offer few mineral distinctions from masses of the same 
age in the government of St. Petersburgh. Near Jeive, a post-station to the west 
of Narva, and between that place ancf Waiwara, the limestone occupying the sum- 
mit of cliffs about 150 feet in height, has a thickness of from thirty to forty feet, 
and being in many parts completely denuded, exposes a floor of thick, calcareous 
flagstone, absolutely loaded with Orthoceratites, among which the 0. vaginatus and 
0. duplex*a.re by far the most abundant, one other species, which is rare, being the 
0. bacillus (Eichw.). 

Like the Silurian rocks of England, these calcareous masses are affected by sym- 
metrical, vertical or highly inclined joints, which, cutting through the horizontal 
strata, divide them into rude prisms. The chief directions of these joints trend 
obliquely to the Gulf of Finland, one set to the north-east and the other to the 
north-west, the line perpendicular to the re-entering angle being from north and 
by west, to south and by east, or, in other words, at right angles to the general 
strike of the formations. The result of this crystalline and prismatic division of 
the heavy calcareous roof of a cliff, the lower parts of which are composed of inco- 
herent materials, is the rapid wearing away of its seaward face ; which presents 
a succession of salient and re-entering angles, like those seen in quarries among 
jointed rock». The spectator who places himself in the innermost extremity of 
one of thesef angles has on either side of him a beautiful vertical section of strata- 
• 

* The presence of very peculiar and small ichthyolites (one of which is the Old Red or Devonian genus 
Onchus) in the Upper Silurian rocks of England was first pointed out by Mr. Murchison (Sil. Syst. , 
pp. 198, 605). As yet no fossil fishes have been observed in the Upper Silurian rocks of the continent 
of Europe or in America, and no country has a trace of them been hearS of in the Lower Silurian, 
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showing the whole succession, from the shale beneath to the limestone on which 
he stands. 

N. 8. ‘ 6* • 

Giffii between Waiwtrt ind Jmre. 

« ^ 4f '> “7}^ Northeni gnuite blocks. 

'' Orthoeentite limestone. 



Bituminous schist with grapto- 
Utesi. 

Ungulite grit. 

Shale obscured by Men blocks. 


To the east of this spot, where the calcareous plateau recedes towards the inte- 
rior, the river Narva is precipitated to the south of the fine old castle of that 
name, over this same limestone, and the jqjnted structure of the rock has there 
keen a most powerful auxiliary in causing the retrocession of that liroad and pic- 
turesque cascade*. 

In its range westward to Reval and Baltisch Port, the same rock changes but 
slightly in its lithological or zoological characters ; and even at the latter place the 
limestone is superposed to a grit with Ungulites. 

To what extent it may be practicable to trace a direct passage from the pleta 
limestone upwards into superior strata by the examination of the country west of 
Baltisch Port and opposite to the isles of Oesel and Dago (i^hich are, as we shall 
presently show, essentially composed of Upper Silurian rocks), we had no means 
of determining. By observing, however, the succession between the cliffs just 
described and the higher plateau of the country extending to the Lake Peipus and 
Dorpat, we convinced ourselves, that .the whole lower group of which we have 
hitherto been speaking, is there overlaid by a limestone characterized by other 

’ From the descriptions of Colonel Helmersen, it appears that bands of inilammable bituminous schist 
are interpolated with beds of fossiliferous limestone on the estate of Tolks, on the river Jemmbach, 110 
versts east of Reval. The Asaj?hus expansus with shells and corals, &c. are found even in the schist itself. 
— Ann. dea Mines de Russie, an. 1838, p. 126. The carbonaceous character of these J>eds is probably 
derived from fucoids, as in the Swedish examples, where the bituminous schists ar^ frequently employed 
as fuel for roasting the alum-slate. 

^ That the falls of the Narva are receding has already been well expressed by Colonel lielmersen, who 
states that it is only a fine development of what he illustrates in detail at the cascade of the river Fall in 
Esthonia. Alluding to the Falls of the Narva, and comparing them to those of Niagara, he says of the 
Russian stream, Son Ontario ^st le Oolfe de Finland, et son Erie le lac Peipus.*’ Ann. de Jour, des 
Mines de Russie, an. 1838, p. 1 1 7. ^ 
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foMils, as at Kleine Pungarn and Paggar*. In the limestone at these places we 
could no longer detect the characteristic Orthoceratites and Trilobites before spoken 
of ; but with some species of the lower rocks, such as Spirifer lynx (Eichw.) and 
Terebraiula deformata (Eichw.), we also found the Lepteena depressa (Sow.) and 
L. deltoidea (Conrad) These beds indicate a passage into, and form, indeed, part 
of a calcareous band, which ranges by Mustel north of Wissenstein in Esthonia, 
and reappears in the government of Kovno*. This band, like that which is in the 
same geological position in Norway, where it is immediately superposed to the chief 
mass of the Jx)wer Silurian rocks, is here, as in that country, characterized by 
containing Pentameri, the Esthonian species being the P. borealis (Eichw’.) — a 
shell which approaching very near to it, is, we consider, the equivalent of the P. ob- 
longus of Scandinavia and the British Isles'*. 

In one tract north-west of WisSenstein, it would appear (from a friendly com- 
munication of M. Pander) that the Pentamerus limestone is underlaid by a course 
of sandstone. In the tract of the government of Kovno, where we observed these 
beds, the upper calcareous strata alone appear through the great mass of overlying 
detritus. Judging from the red colour of the matrix of this detritus, and from 
certain cuttings on the sides of the new road between Tauroggen on the Russian 
frontier and the third post station, we were induced to suspect that the subsoil 
must belong to the Old Red or Devonian rocks. This view was confirmed by the 
relations of those deposits to the Lower Silurian rocks in the government of 
St. Petersburgh. 

The emergence of grey Silurian rocks from beneath a surrounding region of red 
deposits (due probajjly to a flexure like that upon the Volkof, p. 30*) is even seen 
by the change in the colour of the soil in'the neighbourhood of Bublia and Shavli. 
The limestone which gives rise to this superficial aspect is, however, worked at 
Neici and Griis to *the west of Shavli (see Map) in the extensive domains of the 

' The residence of Count 0. V. Stackelberg. 

^ This government has recently been separated from that of Vilna. 

* We had absolutely named and spoken of this shell in print (Proc. Geol. Soc.) as Pentamerus Letticus 
three years ago, but whilst our publication was in progress Professor Eichwald described it as P. borealis, 

^ We owe our knowledge of this extension of the Silurian band in question to M. Pander, who, when 
we visited him at Riga (1841), identified the fossils we had found at Shavli with forms known to him in 
Esthonia. We also learned from this author, that at about forty to fifty versts north of the locality near 
Shavli, where we observed it, this Pentamerus limestone is exposed f^pm west to east throughout a space 
of twenty versts in perfect horizontal strata. 
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Zuboff family, and doubtless forms part of the calcareous zone obeemrisd ^ bf, 
Dttbms de Montpdreux at Pocroi*. This limestone is thin-bedded, of grej cbljMiff, 
in parts compact, in parts earthy, here and there graduating into a spotted red and 
green rock, with soft shale partings. The exceptional beds are jellowish, having 
slightly a magnesian aspect, and the surfaces are frequently marked with fucoid* 
like bodies. W^e detected about fifteen species of fossils in our hurried view of this 
deposit (including those from Aleshkovitza, north of Shavli), and among these are 
Pentamerus borealis (Eichw.), Terebratula Duboisi (nob.), Favosites Gothlandicus, 
Catenipora escharoides, Monticularia Stembergii (Lons.), Strom<ttopora concentrica, 
Cyalhophyllum ceratites (Goldf.), and fragments of Euompkali and indeterminable 
Encrini. 

On the whole, it would appear (though the western end of the tract has not been 
examined by us) that in no part of the mainland of the Baltic provinces is there 
any Silurian stratum of younger age than the equivalent of that peculiar lime- 
stone with Pentameri which has been hitherto classed as the uppermost bed of the 
Lower Silurian rocks. In Russia, however, as in Scandinavia, the fossils of this 
calcareous zone are, as indeed we should expect they must be, of an intermediary 
character, and already contain some true Upper Silurian forms. Such, indeed, 
ought to be the case ; for this limestone is nothing more than the bed of passage 
between the two groups (see tabular view to the right of the Map). 

Upper Silurian Deposits . — If nowhere apparent on the mainland, true Upper 
Silurian strata are clearly developed in the Isles of Oesel and Dago’. Even the 
corals^ collected from thence by M. Eichwald and submitted by him to our inspec- 
tion left no doubt in our minds on this subject when we first saw them. M. Pan- 
der has, indeed, completely confirmed the view by communicating to us the results 
of his examination of the Isle of Oesel. In the limestone which forms the fnnda- 
mental rock, he cites the undermentioned fossils ; — 

Caienipora e$charoide$, C, labyrinthica, Favonies Gothlandica, F. hoBoltica, F, polymorpha, Syrinyopora reticulata, 
jiulcpora eerpcfu, A. covgUmerata, MiUepora repme, Porites pyr\formis, Cyathophyllum turbinatum, Orthoceratitee 

— . 

^ See Kanten Archiv. 1830, and Leonhard Jahrbuch 1832. 'fhe latter contains a descrijttion of the 
fossils by M. ▼. Buch (p. 109). • 

^ From what M. Eichwald says of the presence of the Illanw cra$sicauda, Spirifer lynx and Orthis 
trigonula in the Isle of Dago, it would seem that portions of both the lower and upper groups may there 
co-exist. (Urwelt des Russlands, H^2.) 

^ lliese corals have been compared and identified with typical Silurian fiprms by our valued friend 
Mr. Lonsdale, who has so well described the Silurian and Devonian corals of England.c (See Sil. Syst. 
p. 675, plates \6 et $eq., and Trans. Geol. Soc., plate 58, and descriptions and figures in the Appendix (A.) 
to this volume.) The b^ species of corals we possess are t&bse supplied by M. Eichwald. 
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thi^aeiiUit$ ammkUui, Calfmene MmmbaeMi Tar« fiMMa, Tmkrahda diadonta (Dalm* and 6il, Syat.)* 
T. iumUkg T* mmUt (SU. Syat.), Atrf/pa deprem (Sil. SyatO# rtHeuhrii or A. (Sil. Sy8t.)» A. didyma, 
jQfilUt ofMe^/bfii (Sil. 8yst0» DeUkyrii nlea/a (His.), Avieuh reticulata (His. and Sil. Syst.), Mya rotundataf 

(Sil« Syst,), Cofidtoi etriaium (Sil. Syst.), Cjyathccrinitee pinnatue. 

• 

This list, prepared by so good a palaeontologist as M. Pander, at once establishes 
the true age of the chief limestone to be Upper Silurian, and shows that it is, as 
nearly as possible, the equivalent of the Wenlock limestone. But the evidence is 
rendered more decisive when he tells us, that the deposit containing these fossils 
is there surmounted by another calcareous band in which occur the very group of 
organic remains that characterize the Upper Ludlow rock of the British Isles, and 
certain tilestones which, though first classed as the base of the Old Red Sandstone, 
are, as we have said, now considered to constitute the highest stratum in the Silu- 
rian system’. In these beds the Terebratula reticularis (vel prisca), T. lacunosa 
(His.), and V. didyrm (Sil. Syst.), are associated with a Spirifer (we believe the 
species to which we have adverted in the uppermost Silurian band of Norway and 
Sweden), and with these are the two very characteristic British species of the tile- 
stone, Turbo Williamsi and Turritella obsoleta. 

These evidences are, therefore, quite decisive in proving, that the chief deposits 
of the isles of Oesel and Dago are of the same age as those of the Isle of Goth- 
land ; and that, distinct from the palaeozoic rocks of the mainlands of Sweden on 
the one hand, and'of Russia on the other, they truly represent the Upper Silurian 
group of the British Isles. 

As geologists we must further express our belief, that the phaenomena of suc- 
cession in these regions are thoroughly well explained by the signs of eruption and 
elevation which we* have already described. The protrusion to the surface of 
igneous rocks in the fissure of the Gulf of Finland and all along the north-eastern 
frontier of the palaeozoic deposits of Russia, as well as the continent of Sweden, is 
amply sufficient to satisfy our minds respecting the cause whereby the most ancient 
sea-bottoms in which animals lived, were raised into lands on either side of the 
Baltic, and pqt beyond the influence of those marine conditions under which the 
Isles of Gothland, Dago and Oesel were subsequently formed in an ancient geolo- 
gical trough. 

The ascending succession of strata which we have described in passing from 
east to west in the Russian Baltic provinces strongly |‘avours this view, and leads 

# 


* See ante, note 1, p. 13. 
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U8 to infer, that to the east (in the government of St. Petersburgh), where the ele- 
vation has been more powerful, it has also acted at a somewhat earlier period ; fw 
whilst in the eastern tracts watered by the Siass, the Volkof ^nd Ishora, the pleta 
or lower limestone is at once saniiounted by true Devonian strata, so as we proceed 
to the east the intermediate Pentamerus limestone is interpolated between the two 
systems ; and, finally, in the Baltic Isles we have the full development of unequi- 
vocal Upper Silurian strata, all traces of which, physical or zoological, are excluded 
in the government of St. Petersburgh. 

Silurian Organic Remains . — Recurring to the works of Eidhwald and Pander, 
and availing ourselves of the light recently thrown upon some of these forms by 
Von Buch, it will be our effort to point out in the second volume the zoological 
resemblances and differences between the Silurian and other palaeozoic fossils of 
Russia, and their analogues in Scandinavia and Western Europe. . In the mean- 
time we may, however, offer some general remarks upon the distribution of the 
Silurian fossils. 

When the remains from St. Petersburgh, Esthonia, and the Russian Baltic Isles 
are laid before a geologist versed in palaeozoic forms, he at once pronounces them 
to belong to the same system in the series, as that which has been named Silurian 
in other parts of the world, for he finds them to consist, as a whole, of the same 
profusion of Orthidae, Leptaenae, Trilobites and Orthoceratites. . Further, if his eye 
is sufficiently accustomed to the distinctions indicated by these fossils, he will at 
once see, that the system thus generally portrayed, is divisible into the two stages 
adverted to, and which are the equivalents of those which have been recognised in 
Western Europe and America. Of the Lower Silurian fo5sils*of Russia a few only 
are, it is true, absolutely identical with forms of the same age in the British Isles ; 
but the mass of them is essentially the same as that of the inain land of Scandi- 
navia ; which region, being intermediate between England and Russia, is found to 
contain a considerable number of forms common to deposits occupying the same 
position in both the other countries. 

On the present occasion we shall simply adduce some of the leading evidences 
concerning these two groups ; and first, as to the Lower Silurian. 

The earliest formed palseozoic strata in Russia, as in Scandinavia, are charac- 
terized by fucoids only, and to this extent there is an agreement ; but in examining 
the ascending series, some differences in lithological charaqters are found to cha- 
racterize its subdivisions in the two countries, and these variations in the structure 
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of the masses are accompanied (as might be expected) with corresponding pecu- 
liarities i3\ the distribution of their organic remains. Whilst the lowest stratum 
in Sweden is, for the. most part, a sandstone, and in Russia a shale (both void of 
any vestiges of animal life), we no sooner ascend into the overlying sandstone of 
the latter country, than we find that its fossils bear a general analogy to some 
of the Lower Silurian rocks of England and America. The Ungulite or Obolus 
which occupies this sandstone has, indeed, its parallel in the similarly constituted 
horny shell, Lingula attenuata (Sil. Syst.), which is in some places copiously disse- 
minated in the»Lowe*r Silurian rocks ; and in America, where one of the very lowest 
fossil rocks is a sandstone, the analogy, as we have before mentioned, is still more 
striking. Although the Orthidae with simple plaits, common in some of the very 
lowest Lower Silurian beds of Snowdon and North Wales, are not found in this 
Russian sandstone, we have but to ascend from it into the next fossiliferous mem- 
ber, the “ pleta” limestone, and we detect such forms as the Orthis calligramma, 
0. orthambonites and 0. moneta ; all belonging to the division of that genus which 
is typical of rocks of this high antiquity. From the community of their fossils, 
no doubt wliatever can exist, that the great lower limestones of Norway and Sweden, 
with their Trilobites and Orthoceratites, are precisely of the same age as the pleta 
limestone of the Russians. But here it is well to observe, that although, upon 
the whole, there is a close resemblance between the lower fossiliferous limestone 
of the two. countries, there are marked distinctions of detail. Thus in Sweden, 
the bed beneath the great limestone in which the earliest vestiges of animal life 
have been seen, is a black bituminous and aluminiferous stratum with calcareous 
courses, in which peeuliar Encrinites, Trijiuclei and Paradoxides or Olenus are 
associated with masses of fucoids ; whereas in Russia this band, or one upon the 
same horizon, being much less developed, and on the whole much less rich in cal- 
careous matter, and rarely atFording traces of fucoids, is to a great extent barren 
of organic life. As soon, however, as we mount to the great fossiliferous band, 
in which calcareous matter has been equally diffused in the two countries, the 
synchronous deposits of Scandinavia and Russia are found to be alike loaded 
with the sthne group of fossils, and to a great extent the very same species. 
Thus, among the Orthoceratites, the 0. vaginatus and 0. duplex, which are by far 
the most abundant, though unknown in the British Islgs, have even there their 
equivalents in the rarer‘species with lateral siphuncles. In Scandinavia, however, 
where more typical British species of various Lower Silurian genera exist than in 
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Russia, the OrthoceratUes duplex is as common as in the tracts of which we are now 
treating ; whilst the Russian Orthoceratites vaginatus is represented in Sweden by 
the closely allied 0. trochlearis. The Lituites convolvans, it may be further stated, 
is common to these two countries. 

The lower limestone of Russia abounds in Trilobites,' two of the prevailing 
species being, as in Norway and Sweden, the Asaphus expatmu and IlUenus crassi- 
cauda ; the former being the most abundant in Russia, the latter in Scandinavia. 
Referring to the work of Pander, in which some of the species are published, we 
may further state, that the characteristic Russian crustaceans, including the Caly- 
mene Fischeri (Eichw.j, C. polytoma (Dalm.), Ampyx nasutus and Metopias aries 
(Eichw.), are Scandinavian forms, two of which have been described by Dalman, 
and the last mentioned by Boeck. Of these, the Asaphus expansus being the most 
profusely distributed in Russia, though as yet very rare indeed, if known at all in 
the British Isles or France, we here annex a figure of the usual form of the species (4) 
of the following woodcut, adding in a note its description by Dalman'. This species 


Asnphu* comutu*, vtr. of A. expansus f 6**. 



Asaphus expansus. 

c 

‘ The following is Dalman’s description of Asaphus expansus : Capite semilunaris angulis posticis 
rotundatis ; sulco subbasali transverso profundoque ; linea faciali (postice) oblique extrorsum decurrente, 
tandem intus flexa ; pj^gidio semi-orbicularis costis obsoletis. (Syn. Entomostracites expansus, Wahl., 
snA Asaphus comigerus, Brongn.).” According to Dalman, this species has many varieties, and his figure, 
pi. iii. fig. 3 (c), exhibits one with prominent eyes, but not approaching to the rem^kable varieties (1) 
and (3) of our woodcut. Ueber die Paheaden oder die so genannten Trilobiten von J. W. Dalman, p. 45. 
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exhibits, however, such remarkable variations in the eyes, probably due to the 
greater or Jesser age of the individual, that we take this opportunity of also figuring 
a second example (3):^ in which the eyes project from the head to about four-tenths 
of an inch ; and thirdly, a case of extreme projection of this member in figure I , 
which represents a very* remarkable specimen of the Asaphus comutus' (Pander). 

We have already said that the Asaphus Btichii and A. heros (Dalm.) (or tyrannus, 
Sil. Syst.), so abundant in England, seem gradually to disappear in the eastward 
range of the deposit. They are consequently veiy rare in Russia. 

Among other Trifobites of this age. Professor Eichwald speaks of the Asaphus 
Vulcani, a species found in the Lower Silurian rocks of England, and we ourselves 
recognised the Calymene Dovmingia, which is a Dudley fossil. The occurrence of 
the latter is by no means hostile to our views of classification, for we now know that 
the Calymene Blumenbachii, which in England is most abundant in the Ludlow 
and Wenlock formations, there descends in some places into the Caradoc sandstone. 
The occurrence of a few of the same species in the Lower and Upper Silurian 
deposits, is indeed just what may be looked for in a system, which, on the whole, 
is characterized by a general community in its organized beings. Thus there are 
certain shells as well as crustaceans which are common to the conterminous forma- 
tions of the lower and upper groups in Russia, Scandinavia and England, and of 
these we may cite the Leplmna depressa and Terehratula reticularis ; shells which 
having a vgry wide geographical distribution, are found to have also an extensive 
vertical range ; or, in other words, to have continued longer in existence than their 
congeners, in accordance with a law to which we formerly directed the attention of 
geologists*. But here’we must observe, thqt the Silurian rocks of Russia hold their 
place well in the general series of palaeozoic life, and bear a strong resemblance to 
their equivalents of "Western Europe^, in containing a large proportion of Orthidae 

In addition to the work of Pander, in which many structural details of the Russian Trilobites are given, 
we have already referred our readers to the * Silurischen Schichten * of M. Eichwald, and to a recent 
memoir by His imperial Highness the Duke of Leuchtenberg. 

^ We owe these specimens, which so clearly exhibit the transitions in the length of the eye and the 
variations between Asaphus expansus and A. comutus, to our friend Dr. Worth, who detected them in 
the ravines of ?he Pulkovka brook. The caudal portion (2 of woodcut) is identical in all the varieties ; 
and after examining a great number of individuals which exhibit various shades of transition, we confess 
that we think the A, comutus (Pand.) is only a variety of A, expansus (Dalm.). 

^ See Trans. Geol. Soc. of London, vol. vi. p. 335. 

® Among the shells common to the Lower Silurian rocks of Scandinavia and Russia, we must further 
mention Euomphalus qualteriatus, Orthis calligramma, 0, testudinaria, Leptana sericea, Spirifer poram* 

.• F* 2 
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aad Leptaense, both these genera being completely separated from the Product!, 
which are never found in rocks of this high antiquity. Of these fossjls, twenty 
species are known in the Silurian rocks of the environs of Stj. Petersburgh, twelve 
of which belong to Orthis, whilst in the overlying or Devonian system, so full of 
other genera of shells, two species of Orthis and three of Leptaena have only been 
discovered (see next chapter, vol. ii., and Table of Organic Remains). 

The Lower Silurian strata of Russia, still more than those of Scandinavia, are 
distinguished by those singular plate-covered bodies of circular forms, with central 
mouths and lateral oval apertures (whereof the Spheeronites aurantirtm is the pre- 
vailing type), which, though closely approaching to Crinoidea, well merit to be 
distinguished therefrom. The greater number of these belong to the genera 
Echinosphaerites and Echino-encriiiites of Wahlenberg, but M. von Buch, who has 
throwm so much light on these fossils, has formed other genera, such as the 
Hemicosmites and Cryptocrinites, which as yet have been alone found in Russia, 
and has even whilst we write grouped them under the name of Cystideep, and has 
added to those which he had previously described, the new genus Sycocystites, 
equally with the others characteristic of the Lower Silurian of Russia, whilst his 
Caryocystites occurs in the Upper Silurian of Gothland only. In the meantime 
we may state, that whilst the Cystideae abound in great clusters throughout the 
Lower Silurian beds both of Scandinavia and Russia, they have recently been 
discovered in strata of the same age in England. They were noticed )ong ago in 
Sweden by Linnaeus and other authors, and were distinctly described in a very able 
manner by Gyllenhall. The genus Echino encrinites is also found in Sweden, where 
it was for some time confounded with the Echinosphaerites'.* 

honites, Terebratula mcella and Lingula longissima. We may add that the very characteristic Spirifer 
lynx of Russia has its representative in the Atrypa dorsata of Sweden. This Spirifer lynx, which is a 
common variety of the S. hiforatm (Schloth.), has a very wide geographical range, and is one of tlie 
most abundant fossils in the Lower Silurian beds of North America ; viz. the blue limestone of Kentucky. 
Tennessee. Ohio and Indiana. 

* M. Hermann von Meyer and M. Volborth have also written on the organization of thb genus Echino- 
encrinites, and the last of these authors has endeavoured to show that it had true arms around the mouth ; 
an opinion from which M. von Buch entirely dissents. The Echino-encrinus of Von Me^er is the Syco- 
cystites of Von Buch. (See M. von Buch’s last memoir. “ Ueber Cystideen." Trans. Acad. Berol. 1844.) 
The existence of Cystideae in England, spoken of in the text, has been made known through the researches 
of the Ordnance geological surveyors under Sir Henry T. De la Beche. The fact of the presence of such 
bodies in the unquestionable Ldwer Silurian rocks of South Wales, was mentioned to us by Professor 
Phillips whilst these pages were undergoing their last revise. Fortunately the grq^t authority on this 
subject. M. Leopold von Buch. being then on a visit to London, the specimens were submitted to him; and 
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Although not rich in variety of coralline species, the Lower Silurian rocks of 
Russia arp occasionally loaded with numerous individuals of two or three species, of 
which the Chatetes Petropolitanua is by far the most' abundant ; a coral, which, it is 
important to remark, is also prolific in the lower beds of Norway, and has recently 
been detected in similar strata in North Wales'. Overlying the deposits in which 
the fossils already cited are accumulated is a calcareous band with Pentameri, 
which we consider the representative of that zone which in the British Is'es, Scandi- 
navia and North America, contains the Pentamerus oblongus, to which our P. borealis 
makes a close. approach. And just as this band is intermediate between the lower 
and upper groups, so does it contain fossils which range into both (such as the 
Lepiesna depresaa), and in it we already find the Catenipora escharoides and one or 
two species of corals of the true Upper Silurian group. 

The striking distinctions between*the Upper Silurian deposits of the Baltic Isles 
and those lower formations which constitute the mainlands of Sweden on the one 
hand and of Russia on the other, have been already so clearly defined, that it is 
unnecessary now to say more, than that through a multitude of corals and many 
typical Shells, the Wenlock and Ludlow rocks of England are there very adequately 
represented, the latter even exhibiting the very highest beds of the system. 

We have therefore to repeat, that the Russian palaeozoic strata described in this 
chapter are unquestionably of the same age as those which are termed Silurian in 
other parts of the world ; and that here, as in Scandinavia and the British Isles, 
they are divided into two natural groups, and are overlaid by the Devonian or Old 
Red system of deposits which we are about to describe. 

In concluding this’chapter, we may further briefly state, that whilst our present 
observations refer to the Silurian formations of the Baltic provinces of Russia 
only, we believe, frqm the descriptions of other authors®, that strata of the same 

he has authorized us to state, that among these forms of Cystidese, which are, however, mere internal casts, 
the Spharonites aurantium is clearly recognisable. The remains seen by M. von Buch are from the 
quarry of Shofes Hook, near Haverfordwest, a locality which we formerly described as Lower Silurian. 
(See Siluriai^ System, p. 397.) We are also informed by Captain James, R.E. of the Ordnance Geolo- 
gical Survey of Ireland, that he suspects he has found similar bodies in the Lower Silurian strata of the 
county of Waterford. The Lower Silurian rocks of Scandinavia, Russia and the British Isles are there- 
fore closely bound together through these remarkable fossils. 

' By Professor Sedgwick. 

» We not only trust to the published descriptions of Eichwald and Asch, but also to communications 
we have received from Majo/Blbde and M. Dubois de Montp^reux, and to our having seen unquestionable 
Silurian species, such as Conularia Sowerbyi and Terebratula plicatellat obtained from these tracts. 
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age occur in Podolia, near Kamenetz on the Dniester, and on the hanks and tribu- 
taries of that river. ^ 

On the other hand we have already expressed an opinion, derived from personal 
examination, that the oldest palaeozoic limestones of Kielce in Poland are of Devo- 
nian age'. 

The Silurian rocks which constitute the chief mass of the sedimentary deposits 
in the axis of the Ural Mountains will be described in the second part of this 
volume ; and we shall now therefore simply state, that they are there so powerfully 
metamorphosed, dislocated and intermingled with masses of Igneous origin, that 
unless we had been previously well acquainted with them in countries where they 
are undisturbed, we never could have unravelled their complicated relations. Even 
there, however, we have been able to decipher, though obscurely, the same order 
from a Lower to an Upper group, as in the regions which have been under con- 
sideration ; the latter (which is charged with a Pentamerus very closely allied to 
the P. Knightii) being clearly succeeded on the flanks of the chain by a copious 
development of strata charged with Devonian fossils. 


' After the first chapter was printed off, Mr. Murchison received from M. Ferdinand Oswald, of Oels, 
near Breslau, a communication which shows that true Silurian rocks exist in Silesia, as well as the 
Devonian and Carboniferous strata, which have been there previously recognised (see p. 3*). These 
Silurian strata occur at the villages of Sadewitz and Ober, and Neu Schmollen, south of Oels, where 
they occupy an area of about one and a half German square mile, and are loaded with many characteristic 
Silurian fossils. Among these are the corals Favosites Gotklandica, Catenipora escharoides* and C. laby~ 
rinthica, with Orthis testudinanUy O. transversalis, O, Pecten, several Orthoceratites, the Trilobites Calymene 
Blumenbachiif C, macrophthalma^ and forms common in Western Europe, with others, such as the Illcsms 
crassicauda, Asapkus expansus and SpJueronites, whi h are characteristic of the Lower Silurian rocks of 
Scandinavia and Russia. M. Oswald’s notice will be communicated by Mr. Murchison to the British 
Association for the Advancement of Science, and it is here alone necessary to observe, that, quite alive to 
the necessity of distinguishing these fossil accumulations from the surrounding northern drift, the author 
asserts, that they clearly occur in stratified limestones and shale “ in situ,** (See Map, PI. VI.) 


Ofc#.— This chapter was printed and undergoing a last revise, when we received from Professor Eychwald a copy 
of his memoir ” On the Fishes of the Devonian System in the neighbourhood of Pavlosk," published in a recent 
number (Band 17) of the Bulletin of the Imp. Soc. of Naturalists of Moscow, in which he attributes the discovery 
of these ichthyolites to a young mineralogist, M. Siemaschko. We have no wish whatever to enter here into a 
discussion respecting the collector wtio may have been the first to find these fossils ; though in stating that, as far 
as we know. Count Keyserling and M. Worth were the first V> announce to a lAientific Society the presence of 
ichthyolites on the Slavenka, we merely adhere to the truth. Quite independent, however, Sf all disputes about 
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priority of names and discovery of certain forms, a very grave geological question is involved in the memoir of M. 
Eichwald, and we must, therefore, in justice to ourselves, say a few words on the true determination of these ich- 
thyolites. Not pretending to be judges of the generic and specific value of all the fragments collected by M. Worth 
and Count Keyserling, we brought a large quantity of them to England, and, aided by that sound ichthyologist Sir 
Philip de Grey Egerton, we transmitted a selection of them to Professor Agassiz. The chief results are here made 
known in the text, and the details are given in the second volume. In the meantime, M. Eichwald wrote the 
memoir alluded to, in which he makes certain comparisons that will, doubtless, astonish M. Agassiz as much as 
ourselves, and indeed we may say all geologists. He cites, for example, from these beds, so truly Devonian, the 
PiauracanthMS ivhwculatua, a species never previously found beneath the carboniferous limestone. To a second he 
gives the name of Saurichthya, a genus hitherto known in the Muschelkalk ; whilst a third and fourth he terms 
Hybodua longicomua (Ag.) and Priatacanthua ; genera which Agassiz has recognised in the Lias and Jurassic strata 
only ; whilst even % PleurAanthus, by which Agassiz characterizes the tertiary molasse, is said by M. Eichwald to 
be here mixed up with true Devonian and Silurian genera ! Again, in adverting to the existence of the Ctenodus, 
M. Eichwald commits the mistakes of saying, that this well-known carboniferous type had hitherto been found in 
the chalk only, and that the Onchus (an Old Red and also a carboniferous genus) had been hitherto detected in the 
Upper Silurian only. In short, if M. Eichwald is right, and the authors of this work and M. Agassiz are wrong, then 
is the deposit on the Slavenka a geological omni^gs, wherein creatures of all epochs, from protozoic to tertiary, 
lived together in th« very same bed. As such a phaenomenon would, if admitted, subvert all those inductive processes 
by which geologists have been hitherto guided, M. Eichwald must excuse us if, relying on the identifications of M. 
Agassiz and our own views, we entirely deny its existence. We must also state, that the example of St. Cassiaii 
in the Alps, where, on the authority of Count Munster, palaeozoic and secondary forms are said to be mixed toge- 
ther, has no real bearing, as M. Eichwald infers, on this Russian question. In the Alpine case (which has never 
been geologically described) there exist, if we are not misinformed, lofty and almost vertical mountain escarpments, 
at and near the summits of which one group of formations may very well exist, and another at their base ; whilst 
the remains, to which the name of St. Cassian has been applied, are simply those which are collected by the peasants 
from the valley, — fossils which have fallen from various heights and are necessarily mixed together below. On 
the Slavenka, on the contrary, tlie supposed melange occurs in one and the same stratum. 

We need scarcely add, that beyond the lithological features described, there is not on the Slavenka, any more 
than on the Vplkof or r iass,1:he smallest evidence of transition from the Lower Silurian to the Devonian fish-beds, 
as asserted by M. Eichwald ; still less of any intermixture of the fossils of the two groups, except where the strata 
have been broken up, and their surface affected by the northern drift (see Chapters XX. and XXL). If such a 
transition and passage were admitted, we might in Russia cite many other equally apparent examples of such, — 
as between the carboniferous limestone and Jura rocks of Moscow (p. 235), or the Permian rocks of the Vagu 
and their overlying pleistocene beds! (p. 331.) But such an idea requires no serious refutation, and geologists 
must rest contented with our distinct and unequivocal denial of M. Eichwald ’s supposed facts ; whilst M. Agassiz 
assures them, that the fishe^in this Russian deposit (which we afiirm is true Devonian) are either welUknown types 
of the Old Bed Sandstone only, or forms hitherto never found in any other overlying or underlying deposit. 


Postscript on Devonian Fossil Fishes. — The geological student will soon perceive, that the ensuing chapter 
on the Devonian rocks was written and printed without the knowledge of the ichthyolites of that age commu- 
nicated to us by Professor Agassiz, whilst preparing the opening chapters of this work, which, for reasons before 
assigned, were the last sent to press. Whatever changes of names that auMior may have ultimately applied to 
the Devonian ichthyolites (for t^hich we refer to our preceding observations and to his descriptions in the second 
volume, or in his ' iStonographie des Poissons du Syst^me D^vonien ou Vieux Gres Rouge *), our readers will find 
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that our arguments and reasoning employed two and three years ago» have been prodigiously strengthened by the 
additional light thrown upon many new types of true Devonian age. Thus, besides the numerous species of fishes 
of the Old Red Sandstone already spoken of (p. 64), and the new genera and species found on the Slavenka, we 
learn from M. Agassiz, that we had really obtained from the red sandstone of the Andoma (p. 48), the Pterichthys 
major (Ag.), a species previously named from a specimen found on the banks of the Findhorn, near Elgin. This, 
it is important to remark, is the first representative of the family of the Cephalaspides found in Russia. In addition 
to the forms of teeth of Dendrodus alluded to (pp. 52 and 66) as occurring near Riga (and which have recently been 
sent from Cremon in Livonia by our distinguished friend the Baron H. de Meyendorf), M. Agassiz announces the 
presence of Dendrodus lotus (Owen), and Lammdus Panderi or hastatus (Ag.) {Dendrodus hastatus, Owen), both of 
them published Scottish species, whilst Professor Owen, examining the structure of the teeth with the microscope, 
has named another Russian ichthyolitc, Dendrodus Murchisoni, showing how it is distinguished from the Scottish 
species D. hiporcatus (see Appendix B. and Plate B.). The fossil w^hich M. Agassiz had named Glyptosteus fa- 
rosus (see p. 46), is, it appears, accompanied by another species of the same genus that we had named G, reticu- 
latus, which is the same as M. Eichw^ald*8 Bofhriolepis ornata, Tliese last- mentioned ichthyolites appear not only 
on the banks of the Priksha (erroneously spelt Priutchka in our next chapter), in the Valdai Hills, and atTchudova, 
but also on the Siass and Andoma rivers, in the north-eastern range of the Devonian rocks. One of them occurs 
at Kipet, near Bielef (p. 58), in the great central Devonian dome (see section beneath the Map, PI. VI.). Both 
these species of Glyptosteus, or Bothriolepis, so w'idely diffused in Russia, are common to thf north of Scotland ; 
the first-mentioned being found in Perthshire (Clashbennie) and Elginshire, the last in Nairn, Elgin and Murray 
shires. Not only is the smaller species of Chelonichthys, C. minor (Ag.), {Asterolepis, Eichw.^), found both in 
Scotland and at Riga ; but we now^ learn that the Scottish locality of Elgin also contains fragments of the Russian 
monster C. Asmusii ! Lastly, we may state, that in confinuing our view of the identity of the Devonian rocks of 
the dome-shaped region around Orel, Voroneje and Bielef with those of the Baltic and North-eastern govern- 
ments, M. Agassiz assures us that certain bones from all these tracts, and which he has not yet described, belong 
to the same species. 

The results of the close and careful comparison of M. Agassiz are truly remarkable in sustaining our views of the 
great uniformity of the palaeozoic deposits over very wide areas of Europe, and in showing the necessity of con- 
sidering the Devonian or Old Red group a separate system. The reader will, indeed, see, that instead of eight or 
ten species of the Devonian fossil fishes of Scotland and Russia being identical, as we have printc(k it in the next 
chapter, that number is already more than doubled ; or, in other wmrds, of the known Russian ichthyolites pecu- 
W to this age, two-thirds arc specifically the same as those of the same epoch in Great Britain ! 


* Though we have now learned that M. Eichwald used the word Asterolepis in reference to the gigantic ichthy- 
olite of Dbrpat, before M. Agassiz had named it, we adhere in this volume to the word Chelonichthys, simply 
because we have long used it in print, as derived from the great authority of Neufchtftel. If, according to the un- 
derstood custom of accepting the first name (which ought, however, to depend upon the object having been figured 
and described), the name of Asterolepis be finally adopted, we have in the meantime simply endeavoured to pre- 
serve in this chapter and in the Table attached to the Map, a coincidence with the text (Chap. IV.) which we printed 
two years ago. — April, 1845. (For all palBBonlological details, see Appendix and vol. ii.) '{he Russian Palseozotc 
corals are described by Mr. Lonsdale in the first part (or A.) of the Appendix to this volume ; and tf new species of 
DeodrrKlus is described by Professor Owen (B. of Appendix) from a microscopic examination of tjie teeth of that 
genus. 
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DEVONIAN, OR OLD RED SYSTEM. 

Great extension of the System . — Described in ascending order, from the junction of its 
lower strata tvith the Silurian rocks of the Volkof, to the contact of its upper beds 
with the Carboniferous Limestone in the Valdai Hilb. — Range to Vitegra, Andoma, 
and Archangel. — Range and contents in Courland, Livonia, Sfc . — Great South- 
eastern band extending to the Governments of Orel and Voroneje, and sections of it 
on the rivers Oka and Don. — Organic Remains of the System in Rus.sia compared 
with thqpe of Western Europe. 

The red rocks which lie to the south of the Silurian strata of the Baltic con- 
stitute one of the largest systems of Russia and extend over an area of not less 
than 150,000 square miles : — a region much more spacious than the British Isles. 
Reposing upon the low plateaus which have just been described, and rising into 
hills, varying from five hundred to upwards of nine hundred feet above the sea, 
this zone is well defined both at its lower and upper limits ; for it passes down into 
beds of Silurian flagstone and is surmounted by true carboniferous limestone. 
Thus, occupying the same geological horizon as the Old Red or Devonian system 
of Great Britain, the^ rocks form the substratum of Courland and of Livonia, 
from whence they range north-eastwards into the governments of Pskof, Novo- 
gorod, Olonetz and Archangel, and south-eastwards through Vitebsk, Smolensk, 
Kaluga and, Tula, to Orel and Voroneje. We shall first describe these dej) 08 its 
in their north-eastern and afterwards in their south-eastern range. 

Northern Devonian Zone . — With the exception of certain summits of carboni- 
ferous limestone, the Valdai Hills, and all the hilly region around Lake Ilmen, 
are composed of Devonian rocks. On the sides of the high road from St. Peters- 


* See Map, Tabular View and Section annexed to it. 
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burgh to Moscow natural sections are very scarce, but the lower members of the 
system are observable in tiie water-courses of the little rivers Kerist'and Polist. 
For some versts, indeed, to the north of the former, the suHace of the soil begins 
to assume a reddish tint, and in the purple and grey limestones recently extracted 
for the use of the chaussee, we found remains both of shells and fossil fishes At 
Tchudova, 112 versts south of St. Petersburgh, both banks of the Kerist, particu- 
larly below the bridge, exhibit flag-like, compact limestones, which are from one 
to three inches thick ; the upper or lower beds of whitish gream-colour, and the 
central of a reddish hue, have a more concretionary structure. The surfaces of 
these calcareous flagstones convey the idea of their having originated in a sedi- 
ment which had been accumulated in a tranquil sea ; for they are crossed with 
fiicoids and other peculiar bodies, whilst Mollusca and Encrinites are arranged 
along the fine lamina; of deposit. 

The shells are unquestionably of Devonian age ; such as Serpula omphalodes 
(Goldf.), Spirifer muraliti (nob.), S.speciosus {S. micropterus according toV. Buch), 
S. Archiaci (Murch.), -S. (jranosus (nob.), Terrbratula ventilahrum (PhiU.), Orthis 
striatula (Schloth.), O.micanit (V. Buch), 0. crcni.vtm (Phill.), Bdlerophon armatus 
(nob.), together with cylindrical, branching, indeterminable bodies, fucoids ?, and 
remains of Encrinites and Pentacrinites. 

These strata at and to the north of Tchudova may be classed as the lowest mem- 
bers of the Devonian system. At Kalapi-polist, a hamlet some versts to the south- 
south-east, other beds, which, from the general slight inclination of the strata, and 
the gentle rise of the country to the south, must be overlying, are detected in 
ancient quarries on the right bank of the Polist. They consist of finely lami- 
nated, red and cream-coloured, flaggy limestones, in parts compact, in parts more 
sandy, and showing a strong tendency to concretionary structure. The concretions 
are of a more or less compact, argillaceous limestone, having a sandier base of dark 
green, ochreous and reddish colours. In parts these concretions resemble some 
varieties of the Herefordshire cornstone, from which form they graduate on the 
one hand into micaceous, greenish sand and sandstone, and on the other into 
calcareous flagstone. Nests of calcareous spar are not unfrequent, and fucoid- 

* Upon our last return fron^ Moscow, late in the season, and when we were too much hurried to quit 
the chaussee, we examined numerous heaps of fresh-quarried, red, calcareous, shelly flagstone, recently 
discovered in the ravines north of Tchudova, in which were some large fishes' scalijs {Glyptosteus reticu- 
latus, Agass.) with true Devonian shells. 



SECTION OF THE RIVER VOLKOF— LOWER BEDS. 


43 


bodies ornament the surface of the flagstone as at Tchudova. But besides one or 
two of the shells mentioned as occurring at that place, we here met with scales of 
fishes which characterize the Old Red system, — belonging to the genera Diplo- 
pterm and Glyptosteus (Ag.). 

If the sectional line be prolonged in the direction of Moscow, these lowest strata 
of the Devonian system pass beneath the red masses of Novogorod, Lake Ilmen 
and the Valdai Hills. But before we follow this ascending order, let us describe 
clearly the lower strata in the best natural section which the north of Russia af- 
fords, and where, as before stated, they are seen in absolute contact with the 
uppermost Silurian rocks (see woodcuts, p. 28 and 30). 

Continuing the section on the Volkof, we find the uppermost Silurian beds 
loaded, as explained, (p. 29) with Sphaeronites, Favosites, and small Orthidac. 
These graduafe upwards into flag-like courses more siliceous, which in ascending 
the river are overlaid by other thin-bedded strata, gradually becoming more red and 
green with marly way-boards. Concretionary forms begin to prevail, with courses 
of deep red and light green mottled marlstone, and at length red and green impure 
limestones, in beds from three to six inches, abound, intcrlaminated with much red 
marl. The fossils from about one verst south of the village of Bor to the hamlet 
of Vindin-Ostrof are unequivocally Devonian. 

Along the banks of the river at this place and at Prussino we collected the fol- 
lowing fossils: — Serpula omplialodes (Goldf.), Spirifer muralis (nob.), S. speciosus 
(S. microplerus, V. Buch), 8. Archiaci (Murch.), S. plidstria (D’Arch. et De 
Vern.), Terebratula prisca (Schloth.), T. Meyendorfii (named by us after our 
friend and companion Baron A Von Meyendorf), T. concentrica (V. Buch), T. 
ventilabrum (Phill.), Orthis utriatula (Schloth.), Lepteena productoides (Murch.), 
Productus spinosus (Sow.), according to M. V. Buch, Avicula Wortkii (nob.), Mo~ 
diola antiqua (Goldf.), Bellerophon globatus (Murch.), B. armatus (nob.), Natica, &c. 
With these shells, among whic:h are several species published as Devonian types 
from other parts of Europe, are also found fossil fishes, particularly scales of the 
Glyptosteus (Agassiz), a genus which also characterizes the Old Red Sandstone of 
Scotland. * 

The banks of this fine river diminish gradually from a height of sixty to 
seventy feet at Petropaulosk, to tw'elve and fourteen, feet near Vindin-Ostrof, 
Cherensorok, and PruSsino, but the red marls and associated sandy calcareous 
flags and comstones are traceable a little higher up the stream, and are then lost 
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under the superficial detritus which obscures the edges of the Volkof and of its 
great feeder the Tigoda*. • 

It may here be observed, that the ichthyolites of the lower beds of the system, 
whether from these localities or those of Tchudova and Kalipi-polist before men- 
tioned, differ specifically from the forms which we shall afterwards point out in the 
uppermost strata in the Valdai Hills (on the Priutchka, a tributary of the Msta). 
The Glyptosteus and Diplopterus are genera common to the north of Scotland and 
Russia, but the species in these lower beds, G. reticulatus and D. rugulosus, are, ac- 
cording to the recent determinations of Professor Agassiz, unknown' in the British 
Isles. We shall presently, however, indicate the existence of several species of 
ichthyolites in the middle and upper beds of the system which are identical with 
Scottish types. 

The central members of the Devonian system consist of red and 'green argilla- 
ceous marls or clays, limestones, both flag-like and concretionary, and courses of 
flag-like sandstone and grit, and for the most part little coherent. Gypsum is 
disseminated at intervals, and salt-springs i.ssuc from the deposit. The lower 
parts of the Valdai Hills are conijiosed of these central members of the system : 
they consist of red and green marls, in which concretions of impure limestone and 
calcareous flags are only to be detected at intervals, as on the banks of the Msta, 
in certain cuttings of the Moscow chaussee, and occasionally in ravines at short 
distances from it. At and near the Imperial summer-palace of Korsstino, the 
banks of the southern end of the Lake Ilmen, and the edges of a ravine at 
Porogi, present cliffs from forty to fifty feet high. The upper beds arc greyish and 
purplish, compact, calcareous flags, which split into numberless small cubes, and 
weather externally to a yellowish colour. They are often spotted with blood-red 
circles, and their surfaces are much diversified by long, tubular, incurvated bodies. 
These calcareous strata having a maximum thickness of about thirty feet, rest on a 
deep red, rough limestone, charged with many prevalent Devonian shells. Among 
these are several of the forms noticed on the banks of the Volkof ne*ar Prussino, 
with another species, which, though not detected in that locality, is associated 
with the same group in the Devonian limestones of the Boulonnais in f’rance and 
elsewhere ; viz. the Spirifer Verneuillii (Murch.). Besides the common shells, 

‘ The lieds here described are those which lie in the trough before mentioned, and from beneath which 
the Silurian rocks of the V^loia ri^e tu the surface (see woodcut, p. 30). 
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Terebratula prisca, Lepttena productoides, Serpula omphalodes, Sue., &c., we also 
met with Terebratula Helmersenii (V. Buch), Spirifer tenticulum (nob.), and the 
Orthoceratites subfusifqrmis (Munster). 

A little to the east of Korostino, and at Porogi, where the same strata undulate 
to some extent, dark purple, unctuous clays and marls are exposed at the base of 
the cliffs. 

The great thickness to which inferior strata of the system expand to the south 
of Lake Ilmen, has been proved by the sinkings recently made in the hope of pene- 
trating to the sourcel of the salt-springs at Starai Russa, and in which, it is said, 
no perceptible change of ground was met with through a depth of about 600 feet. 
As the deepest point from which these brine-springs rise has not been attained, 
we are left in doubt whether the real source of the salt is in the lowest beds of the 
Devonian rock^ or even in the Silurian system. 

It will be shown in the sequel, that salt-springs and rock-salt are very prevalent 
in the red rocks overlying the Carboniferous system, and thus Russia affords distinct 
proofs within itself, that this mineral occurs in formations of very dissimilar age. 

From tiie absence of rocky cliffs, the rounded nature of the elevations, and the 
detritus which obscures the surface, the whole of the intermediate strata cannot be 
seen in any one section of the Valdai Hills. Still, by examining the banks of the 
Msta and its tributaries (the only river of any magnitude which runs transverse to 
the Valdai), we find sections of the upper division of the system, which for clear- 
ness are not exceeded, if equalled, in any part of Europe. The best evidences of a 
succession from the red ground into the overlying carboniferous limestone, are 
seen in the sequestered valley of the Belaia (or White River), a tributary of the 
Msta, about twenty-five versts south of Borovitchi '. Immediately to the north 
of^the picturesque village of Siierokovitchi, the rivulet Priutclika falls into the 
Belaia, and by following the former to its source you ascend a well-wooded and 
watered, narrow gorge, on the sides of which are natural sections, in great part ver- 
tical, of near.200 feet in height. The greatest number of strata exposed in any 
one spot, naay be seen near the place where coal-works have been established, and 
galleries have been driven from the side of the hill into certain bituminous schists, 
half-way up the cliflf, which occur in the lower member of the Carboniferous system. 


' VTe were conducted to this spot by our young friend and companioif Lieut. Koksharof, wUo had pre- 
viously accompanied Colonel Helmersen in his examination of the tract. 



The red and green mottled mans i^cj, navii?g a tliiekness of about, thirty feet, are 
surmounted by the most remarkable “ bone-bed” (d) which ever fell under our ex- 
amination. This bed has altogether a thickness of about four feet, the upper part 
being a mottled, marly “ cornstone,” in which few remains exist, whilst the lowest 
part — a yellow marl about two feet thick — is almost entirely composed of bones 
and scales of ichthyolites. Of these, three species are pronounced by M. Agassiz 
to be identical with forms known in the Old Red Sandstone of Scotland*, viz. the 
Holoptychius Nobilissimm (Ag., Sil. S3’st.), Glyptosteus favonns (Ag.) , Diplopterus 
macrocephalus (Ag.). Above the bone-bed is a whitish marly limestone (e) ten feet 
tliick; then follow about sixty feet of red and green marly clay (/), with occa- 
sional harder courses, the whole being surmounted by the sands and bituminous 
schists which form the bottom of the Carboniferous system. . 

The lowest of the carbonaceous strata is a thin band of yellowish marly incohe- 
rent sandstone (g), which here has not a greater expansion than six feet. In this 
bed, and in those above it, the carboniferous plants prevail, whilst the charac- 
teristic Old Red fishes are no longer to be detected in them. A line of physical 
demarcation is therefore neatly drawn between the Devonian and Carboniferous 
deposits. * . 

Range of the System to the North-east. — Having thus presented a ge^pral ascend- 
ing section of the Devonian or Old Red system in the region between Petersburgh 

• The observations of Professsr Agassiz on these identifications, and others to which we shall pre- 
■ onriv -lliirfp. will be <tiven in a subsequent part of the work (see also cn4of this chapter). 
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eoadiidii^ <w fteoonat % « sketch of its 
fsai^ to the so<ith<^t, or into the central ^yemments of Orel and Voroneje 
(see Map). 

FVom what has been said of the transformation of the Silurian rocks in their 
course to the north-east (p. 19), it will not be expected that much instructive 
evidence is to be obtained, from that region, of the lowest Devonian beds. 
In our journey to Archangel, however, we traced the middle and upper mem- 
bers of the system 'in many places*, the latter being invariably capped, as in 
the Valdai Hills, by the carboniferous limestone’. At the river Mgra, about four 
versts south of a post-house on the high road to Vitegra, are light-coloured and 
reddish mottled, micaceous, incoherent grits and siliceous flagstones, in which 
we discovered scales of Diplopterus ? ‘and Glyptosteus, associated with portions of 
the jaw of a new genus to which Professor Agassiz has given the name of Cteno- 
ptychius ®. To the south and west of the Lake Onega the strata of this age are 
more or less incoherent sandstones, which in parts have the aspect of the New 
Red Sandstone of Western Europe, though they are in general more flaglike. 
These are the beds which we conceive to have been altered by the intrusion 
and eruption of the trappean rocks of Petrozavodsk and the northern regions ; 
for at the south-western end of the Lake Onega, the sandstone is soft and inco- 
herent, and when followed on the same level is found suddenly to become a hard 
siliceous rock, wherever it is in the proximity of the greenstone, which abounds to 
the north of the river Svir (pp. 18 and 19). 

The eastern banks gf Lake Onega a little to the south of the embouchure of the 
river Andoma present cliffs, about 150 feet high, composed of red and green 
marls, which pass into incoherent, variegated sandstone, resembling on the whole 
both the New and Olcl Red Sandstones of England®. Owing to their fragile nature. 


' We are indebted to a collection made by Mr. Strangways, and now in the museum of Dr. Buckland 
at Oxford, for a fine ijpecimen of a very peculiar ichthyolite found in the red sandstone between N. La- 
doga and Tichvin, and to which Professor Aga.^siz has given the name of Placostevs meandrinua, 

® This localit;§r is on the left bank of the stream, about one mile above the saw-mills, where (in the heart 
of Northern Russia) we met with a most intelligent director of the works, who possessed a well-assorted 
small library and philosophical instruments, in a neatly arranged establishment, and who welcomed us 
with the hospitidity so characteristic of all Russians. ^ 

’ See ‘ Silurian System/ in^which the lithological identity of the Old and New Red Sandstones in 
certain parts of England is much insisted on, pp. 27 and 55. 
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these hills are perpetually subsiding into under-cliffs, and the varied streaks pro- 
duced by these subsidences, might induce any person who viewed thejn from the 
lake, to believe that the strata were inclined. This, however^ is far from being the 
case, for they deviate only from horizontality in exhibiting slight undulations, or 
by rising very slightly to the north-north-west. Among the rolled fragments which 
cover the shore of the lake, near the mouth of the Andoma, are numerous masses 
of red rock loaded with remains of ichthyolites, chiefly Holoptychius (?), which, 
being of a much harder nature than the surrounding strata, have probably been 
derived from the clifls which lie to the north, where the sandstone has undergone 
more consolidation and alteration. 

In ascending the banks of the Andoma and those of its tributaries, the Nosr«ka, 
&c., the place of the rocks which constitute the lower or red region is distinctly 
seen. All the plateaus or high grounds ard there occupied by thg carboniferous 
limestone and its associated bands of bituminous schist and yellow sandstone. The 
annexed woodcut represents the general relations of this instructive and pictu- 
resque district, in which we made excursions through some of the finest and most 
accessible of the Russian forests. The beds marked a and h are the Devonian rocks, 
and they are overlaid by the carboniferous strata c, d, e, to be described in the next 
chapter. 

8 . 


' i 




The lowest beds {n) are light brownish red, siliceous sandstones, occasionally flag- 
like, and sometimes of concretionary form, in which (on the banks of the Nosreka) 
we found disseminated bones and scales of ichthyolites. The strata b consist of a 
great thickness of red and green spotted argillaceous marls, w'ith some sand, &c. 

In no part of this extensive district of red sandstone around Vitegra, and which oc- 
cupies the banks of the Lake Onega, and of w’hich such deep denudation* are exposed 
on the banks of its tributary streams, did we observe a single course of limestone, 
and wdth this absence of calcareous matter, we no longer found the .mollusks of 
the same age, which abound in Livonia, St. Petersburgh, and Novogorod ; fossil 
fishes alone being, as far as we could observe, the inhabitants of these sandy and 
argillaceous rocks. We sliall presently draw attention to this pbasnomenon in oui’ 
remarks upon the distribution of the organic remains of this system. 
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To the south and east of Vitegra the old red strata descend beneath the carboni- 
ferous limestone, the uppermost beds being seen at Vitegraski, and on both banks 
of a little rivulet. The same relations exist to the west of Divitinskaya, the head- 
quarters of the engineers of the great canal, which, passing over the low watershed 
of this region, is among the most wondrous of the works devised by Peter the Great. 
It connects the drainage of the vast government of Vologda with that of St. Peters- 
burgh and the Baltic. 

To the north-east of this spot the country becomes so low, and the high road to 
the Dwina runs sc? much upon the carboniferous limestone, that rapid travellers 
like ourselves, who made few deflections from the route, could not define the 
southern limits of the underlying red system. From personal inspection, chiefly 
judging from the red colour of the surface, we believe that strata of this age form 
the subsoil at the mouth of the rit^er Onega, where that river empties itself into 
the White Sea. We also detected these beds (though with great difficulty, owing to 
the quantity of northern drift) in the form of shale and incoherent psamrnite, on the 
banks of the river Kianda, between Onega and Archangel — a district in which salt- 
sources* are not unfrequent and still worked at one locality*. Again, we think that 
the fundamental rock beneath the city of Archangel belongs to the Devonian or 
Old Red System, for the colour of the country (where bogs do not prevail) is of 
a reddish tint, and all the river cliffs, which rise to some height between this city 
and Kholmogor, consist of scarcely any other matter than regenerated red mate- 
rials. Lastly, by marking the most northern points on the rivers Onega and 
Dwina, to which the carboniferous limestone extends, we gain a tolerably accurate 
line of demarcation^ from which the Old Red strata may be said to range up to 
the edges of the metamorphic rocks of the White Sea*. We further beg to say, 
that from information, derived unfortunately too late to profit by it, we are led to 
tbink, that the junction of the Old Red Sandstone and Carboniferous Limestone, is 
to be seen on the banks of the river Onega, about 160 versts above its mouth, 

where these rocks occupy a distinct escarpment. 

« 

‘ M. Launitz, an intelligent gentleman of Courland, who has been some time resident at Onega and 
Archangel, assured us that he had seen raviiu^s between Archangel and Onega, the banks of which con* 
sisted of finely laminated red and green marls. In our expedition along the edges of the White Sea to 
Onega, we were accompanied by our kind friend Mr. Whitehead, the British Consul at Archangel. 

* M. Bdhtlingk showed us hard sandstones from the northern shores of the White Sea, which we con* 
sider to be ident^al with tlie rocks of the Lake Onega near Petrozavodsk. 
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Detonian Rocks in Courland, ^c. — We have already stated our belief (p. 33) that 
Devonian rocks occur beneath the superficial red detritus near the Prussian, frontier, 
and in the government of Vilna (see Map). In Courland, hov^ever, we are not left 
in any doubt. Argillaceous limestones, spotted red and green, are seen to alternate 
with variegated marls and other beds more sandy, which are •exposed on the banks 
of the chief rivers of this province. 

The fine escarpments and the cascade of the river Windau at Goldingen, the 
ancient capital of the province, present strata having exactly the same lithological 
characters as those we have described on the Volk of and elseR'here» and though 
they have not yet afforded organic remains in this locality, there can be no doubt 
of the age of these strata ; for on following them to Asuppen, a distance not 
exceeding thirty miles (which is inconsiderable w’hcre strata are so horizontal), 
they offer the requisite evidences. * , 

A small river at the countiy-seat of the Baron Hahn lays bare, beneath the 
alluvial soil, a group of marly, siliceous flagstones, each about half a foot thick, 
alternating with thinner flags. In their upper part these flagstones are of deep 
yellow, greenish, and spotted red colours ; in which respect they are undistin- 
guishable from the rocks of Goldingen, and like w-hich they contain no fossils. 
The lower beds, however, are of a yellow colour, and are loaded with the Spirifer 
Archiaci, a characteristic Devonian species of the Boulonnais. Again, beneath 
these flagstones is a bed of red clay about three feet thick, which overlies a course 
of similar dimensions of a blueish or greenish marly grit, striped with laminae of red 
marl. In these lowest marly laminae we discovered a good number of remains of 
ichthyolites, among which are scales of Iloloptychius ?. The.beds at this locality 
have a slight inclination of about 3° to the north, and they doubtless participate 
in one of the numerous undulations to which the strata of this horizontal country 
have been subjected, as explained by the section of the Duna above Riga, the 
river which separates Courland from Livonia, and which we now proceed to 
describe. , 

Devonian Rocks in Livonia — Section of the Diina . — All the strata exposed along 
the banks of this river in ascending from Riga to Kirchholm and Kokenhusen, 
belong to the Devonian system, and they form numerous undulations, by which 
they are inclined both to the north-north-west and to the south-south-east. For 
example, at the ancient castle of Kirchholm, where the beds are bent into a double 
flexure, there is the following section : — • 
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Feet. 


Compact grey limestone and shale without fossils 4 

• Concretionary limestone ; grey in its upper part, red beneath, and containing a re> 

markable species of univalve of the genus Rotella, together with a Naiica 8 

Red compact fimestone 3 

Marly limestone and shale with red spots 12 
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The bed above spoken of as characterized by univalve shells, affords us the 
means of knowing, that nearly the same strata are prolonged by undulations from 
north to south, across the whole of Livonia. Thus higher up the Diina, at the 
Castle of Selburg, and at the country-house of Stockmanshof, we meet with the 
four beds indicated at Kirchholm, including the limestone with the univalves ; 
and the only addition is a greenish blue shale, the lowest bed visible, which is 
brought in by an increase of flexure^ At the Castle of Selburg, the cliffs, upwards 
of seventy fefet high, exhibit very clearly the same succession. 

The picturesque rocks in the environs of the Castle of Kokenhusen particularly 
deserve notice, not merely on account of the thickness of the vertical section 
(speaking of course by comparison), but specially because the beds contain ich- 
thyolites. The little river Perse, which there empties itself into the Diina, runs 
in a deep gorge, in which many beds of impure concretionary limestone are seen 
to alternate with courses of calcareous shale or marl. These alternating strata, 
occupying a thickness of about 100 feet, repose on a band of arenaceous lime- 
stone, distinguished by impressions of fucoid-like or polypiform bodies, and beneath 
it is a bed of concretionary limestone with marly limestone, in which are remains 
of Ctenacanthus serrulatus (Ag.), and Ostcolepis, &c., both of which genera occur 
in the Old Red Sandstone of Scotland. 

An example of undulation, almost amounting to a dislocation produced by anti- 
clinal elevation, oceprs on the right bank of the Diina, near the mouth of its tri- 
butary the Evst, where the inferior shale or clay throws oflF the calcareous flag- 
stones and marls at an angle of 30° towards the north-east, and at 1 7° to the south- 
west. 

Concerning the gypsum which occurs in this great deposit, we have nothing to 
add to the •notices of Strangways ' and M. Dubois de Montpereux *. It is nowhere 
exposed in the strata upon the Diina, except in the neighbourhood of Kirchholm, 
but at Diinhof in Courland it is largely quarried. Though no salt-springs have 


* Geol. Trftu., new series, vol. i. p. 11. 


Karaten’s Archiv. 
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yet been discovered, their rise from still lower strata at Starai Russa, to which we 
have already adverted (p. 45), may induce researches and sinkings, which, if 
successful, would be of great benefit to the Baltic provinces. . 

Throughout a wide space east of Riga and the Duna, the Devonian rocks appear 
chiefly, in the form of incoherent and lightish coloured sandstones, the disintegra- 
tion of which may have contributed to form the dunes of blown sand which are 
here so prevalent. Between Riga and Dorpat, red sandstone, both yellowish white 
and dark red, crops out at intervals, associated, however, with stiff, reddish clays. 
On the whole, the northern zone of the Devonian age maflitains throughout 
Courland and Livonia the same lithological characters as in the governments of 
Novogorod and St. Petersburgh, and containing much more calcareous matter than 
the same rocks in Olonetz and Archangel, is charged with the remains both of 
mollusca and of fishes. This association ha*s been noticed on th^ Volkof, at 
Tchudova, Korostino and in Courland, and we would now merely observe, that at 
several localities east of Riga, where calcareous matter is interlaced with sand and 
clay (Roop, &c.), the Terebratula Livonica (V. Buch) and other typical shells are 
associated with remains of ichthyolites. • 

Our acquaintance w'ith the fossil fishes which occur in the vicinity of Riga, we 
owe to M. Pander, whose fine collection, made chiefly on the banks of the little 
river Aa', was submitted to our inspection, and from which we were liberally fur- 
nished with a number of characteristic specimens. Of these we will now merely 
say, that several forms appeared to us, when on the spot, to be identical with species 
which occur in the Old Red Sandstone of Scotland, whilst others were unknown 
to us. The subsequent examinations of Professor Agassiz and Professor Owen, 
some of the results of which will be given at the end of this chapter, completely 
confirm our view, for among these Riga fishes, three species of Dendrodus * (Owen) 
are identified with knowrn Scottish forms*. 

The low cliffs at Dorpat afford, however, the most remarkable specimens, we 
venture to think, of all fossil fishes ever yet discovered. They occur in about 
the middle beds of a section, where micaceous, red and green, finely laminated 

1 The rivers Sails, Raune, Ammat and Aa are mentioned by Strangways as flowing in roftky valleys of 
Lithuania, the last- mentioned of which, nearTreyden, is remarkable for its caverns. — GeoL Trans, vol. i. 
p.l2. 

^ In the sequel it will be seen, that Professor Agassiz divides the Dendrodus (Owen) into three genera, 
Dendrodus, Lamnodus and Cricodus, The specific forms, however, are the mme in Russia and in Elgin* 
shire, Scotland, * 
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sands, with ripple-mark surfaces, are in contact with red and green marls and 
marlstone.* These remains are so gigantic (one bone measuring two feet nine 
inches in length), that they were formerly supposed to belong to Saurians; but 
before our arrival at Dorpat, Professor Asmus, of that University, to whose 
labours the discovery arfd restoration of the best specimens are due, had completely 
convinced himself that they were parts of fishes. We shall again refer to these 
extraordinary ichthyolites, the largest of which, after a study of casts made by 
Professor Asmus, M. Agassiz has named Chelonichthys Asmusii'. 

Central Region of*Devonian Rocks, or Geological Axis of Russia in Europe. — ^Before 
our second journey and a visit to the central and southern provinces, we supposed 
with our precursors, that in proceeding from north to south, the observer would 
naturally pass over a regular succession from older to younger deposits, until the 
region of the* granitic steppe was reached, where crystalline and carboniferous 
rocks occupy the surface. On our return from the Sea of Azof we undeceived 
ourselves, by discovering in the centre of Russia a broad zone of rocks, loaded 
with Devonian fossils* (see Map and the section beneath it). The structure of 
this domb-like mass is duly exposed in the gorges of the Oka above and below 
Orel, and in the denudations of the Don north and south of Voroneje. Occu- 
pying the higher ground, about 800 feet above the sea, between the Oka, which 
flows northwards into the Volga and the Donetz, and other tributaries of the Don 
which run to the south, we already know that this zone .extends for nearly 200 
English miles in the parallel of Voroneje and Orel ; and from the observations of 
Professor Blasius, we have strong reason to believe®, that, though much obscured 

* Our Scottish friends of \he Moray and Cromarty Friths will be rejoiced to learn, that their country 
has already produced fragments of this^ gigantic Chelonichthys Asmusii, which, until he saw the noble and 
perfect specimens from Russia, M. Agassiz had referred to Coccosteus. We believe that the Professor owes 
his Scottish specimens of tlie type to the researches of the lamented Lady Gordon Gumming. We trust 
that the next edition of the work of Mr. Hugh Miller, who is ** the genius of the Old Red Sandstone,'* 
may contain some description of a more perlect Chelonichthys in Scotland, even though it should be a 
rival in interest.to his own Pterichthys. 

* According; to ouf custom, the expedition in travelling from the south was divided into two parties, 
the one moving parallel to and at some distance from the other. Mr. Murchison and M. dc Vemeuil 
took the line oT Kharkof. Kursk and Orel, and Count Keyserling that of the Don by Voroneje ; and, on 
meeting at Moscow, their results exactly agreed as to the existence of this mass of Devonian deposits 
which separates Russia into two distinct geological basins. 

* Although he did not then class them as Devonian, our friend Professor Blasius, on his return to Ger- 
many in 1840, identified certain rocks at Orsha with others at Bolkhof, north of Orel, which we now 
know to be unques&onably Devonian. 
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by detritus, it ranges from the environs of the latter place to near Orsha on the 
west and north, and thence is confluent with the western limits of the same deposits, 
to which we have already alluded as extending to the north-eastern frontier of 
Prussia. 

The general section from north to south across Russia* viz. from Petersburgh 
to the Sea of Azof (see below the Map), and which is carried through Moscow, 
Kaluga and Orel, gives a clear idea of the relations resulting from this great 
undulation, which separates Russia in Europe into two distinct geological basins. 
The northern basin, or that of Moscow, is included between tliese Devonian rocks 
in the centre, and those on the north which we have previously described ; and the 
southern extends to the rise of the carboniferous rocks and granitic axis of the 
southern steppes. By reference to the same section it will also be seen, that the 
northern basin consists, to a great extent, o*f carboniferous limestone, with some 
patches of Jurassic rocks, and a fcwspots of overlying, quartzose, tertiary sandstone ; 
whilst in the basin of the south (Kursk, Kharkof, &c.), the older rocks subside to a 
much greater depth, and the surface is occupied by a large development of Cre- 
taceous and Tertiarj’ deposits. • 

Having previously explained that the Devonian rocks of the Valdai Hills — those 
forming the northern limits of the basin of Moscow — pass upwards into the lowest 
beds of the Carboniferous system, we now proceed to point out the peculiarities of 
the central Devonian zone, and to show how, from its lower strata at Orel, it is 
composed of various beds, the highest of which dip under the rocks forming the 
southern limit of the carbonaceous basin of Moscow. In order of superposi- 
tion, and characteristic fossils, .this central zone bears a .close affinity to that 
of the North ; for it contains some of the same ichthyolites, with a profusion of 
Devonian shells, and is also surmounted by beds of limestone, charged with the 
Productus giganteus, which shell invariably occurs at the base of the carboniferous 
limestone. In lithological structure, however, it is scarcely possible that two de- 
posits of precisely the same age and relations, separated from each other only by 
a basin having the width, from north to south, of about 300 miles, oan present 
greater distinctions ; and this w'ill appear the more remarkable, when,it is stated, 
that in both cases (as indeed nearly all over Russia in Europe) the strata are 
unaltered. 

The central zone, of wTiich we are now treating, is certainly as little entitled 
to the name of Old Red Sandstone as the black slaty rocics of Devonshire, for it 
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contains very little sand, and is nowhere of a red colour. It is, on the contrary, 
made up of numerous alternations of flat-bedded, light yellowish limestone, some- 
times pure, sometime^ earthy, and often so impregnated with magnesia (being oc- 
casionally even dolomitic), that it is frequently undistinguishable from the mag- 
nesian limestone of England, or the zechstein of Thuringia. When, travelling 
northwards from the plateau of Kursk, composed of cretaceous and tertiary rocks, 
we suddenly came upon these yellow calcareous cliffs on the river Oka, we were 
naturally disposed to believe that they were of the age of the magnesian limestone 
near Sunderland in England, or the zechstein of Germany, so completely did they 
resemble those rocks ; and with infinite surprise our first impression was cor- 
rected, by discovering that the fishes and shells which they contained were true 
Devonian types ! 

Sections alqpg the banks of the Oka show the succession from the lower to the 
highest members, and the same light yellow colour still prevails. Some of the 
strata have a breccia-like aspect, caused by a rude concretionary action, which 
has formed hard, irregular nodules of impure limestone, the intervals being occu- 
pied by sandy or calcareous marl ; and where the latter disintegrates, the face of 
the cliffs presents a rough, sinuous and grotesque aspect, resembling the rus- 
tic-work in the basement story of a Florentine palace. Courses of sandstone 
are rare, but they are seen near Orel, generally incoherent, and occasionally of 
greenish colour, but more frequently yellow or ferruginous. Sandy, yellowish 
limestones and fawn-coloured, sandy marls, form the chief dividing masses of 
the strong calcareous bands, which vary in thickness from mere tilestones to beds 
of two and three feet thick ; whilst hard, thick paving flags, of mottled light 
indigo and yellow colours, with way-boards of black and white mottled marls in 
the lower division (Orel), constitute the chief, if not the only material difference 
of colour, in these buff-coloured cliffs. The magnesian limestones and their asso- 
ciated marls (very rarely green and blue) are exposed at intervals all down the 
river Oka, occupying cliffs from sixty to eighty feet in height, from which the strata 
crop out ov are laid bare in adjacent ravines. Shelly calcareous flagstones are 
prevalent in different stages, and some beds assume a chocolate hue, but red rocks 
are nowhere visible. 

Section of the Oka from Orel to Ldchvin and Peremishl . — After this general survey, 
we shall best convey to our readers an adequate knowledge of the structure of 
these rocks by«describing the transverse sections of the Oka and the Don. And, 

I 
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first, at Orel the following strata are seen in numerous large quarries on the right 
bank of the Oka to the south of the town : — • 





' Ft. In. 


1 1 . Sandy and ahattery tUestones of white eolours, with yellow, compact marlatone 3 0 

1 0. Green and grey marl 4 0 

9. Sandstone, for the most part incoherent, hut occasionally hard, and of bright green, yellow’ and ferru- 
ginous colours. (One of the subordinate courses of this stratum is a coarse iron grit, with minute 

concretions of iron ore (pisolitic iron; ' 13 0 

8. Impure yellowish, sandy limestone 1ft 0 

7* Tliin-bedded, yellow and white limestone • 9 0 

6. Small concretionary compact limestone, in n yellow', sandy, magnesian matrix. This rock, which 
the chief building-stone of Orel, w’eatbers to the rude, cavernous exterior before alluded to, and is 

laminated by hlueish-grey and fcmigiuous, calcareous courses 13 0 

3. Fawii or light buflf-coloured. sandy, fiiicly-laininated. magnesian limestone in two or three beds only, 

the lamiuie marked by oehreous strijies 6 0 

•4. Ught grey, concretiunan' limestone, in parts eaicmous, with ciy stals of calcareous spar 6 0 

S. A'ellow, thin, magnesian limestone 1 6 

2. Marly, light-coloured limestone 1 6 

I . Mottled indigo and yellow, hard limestone, used as paving-stone, with way-laiards of black and w’hitish * 

shale. The surfwre of this rock b sandy, and weathers to a ferruginous colour 4 0 


74 0 

The lowest beds offer numerous fragments of small ichthyolites, which we con- 
sider to be tbe same forms as those described in tbe lower Devonian strata near 
Prussino and Tebudova {Diplopterus and Gh/ptosteus) . 

Tbe beds exposed in other quarries east of the town (12, 13 and 14 of woodcut) 
represent a higher part of the formation, which extends over a considerable area, 
and is probably the same rock which occurs in the ravines west of Novazilskaya, 
the first post-station to the south of Orel. Here we found (under black earth and 
surface clay) beds of grejash, greenish and yellow marls oy shales, with a sub- 
ordinate course of yellow, sandy, magnesian limestone, in all about 15 or 16 feet 
thick. Beneath these, the strata which are extensively quarried for use, consist of 
thin beds of limestone, varying in colour from deep yellow to almosb pure white, 
and containing numerous fossils, among which we recognised Area Oreltana (nob.). 
This shell alone forms entire beds, together with the characteristic Serpula ompha- 
lodes, Natica spirata, a very small Orthoceratite and two species of Corals. 

In proceeding from OreMo the north, we met with proofs at every natural denu- 
dation of the continuance of the same system of strata ; ^nd whilst the left bank 
of the Oka exhibited them in distant cliffs, we recognised them 6n the sides of 
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-* 

the little stream the Optika, at Ivanofsk, nineteen versts from Orel, where the 
yellow, sandy beds, with sub-concretionary courses of a sort of lumachelli, contain 
bones of fishes. At, the village of Ottrada, the cliffs on the right bank of the 
Oka expose excellent sections, particularly in a lateral ravine north of the village. 
Ascending from the riVer edge the strata are seen to consist of 

10 . 



1. Thin-bedded ahcllv limestones of greyish colours, with surfaces marked by fucoid-like bodies, as at Tchudovn and neighbourhood ; like which 
also, these beds contain S. Ahobo/H (noh.), Leptama membranaren (Phill.), Terebratula vt^tilabrum (PhiU.), Orthu stnatuluB 

(Schloth), Area Oreliana (nob,), NatU'a like the species at Orel, with internal casts of CirrvB, Serpula omphalodes, Euerinites, and many smiUI 
fragments of ichthyolites. Among the overlying beds (+) »n the adjoining ravine we met with two or three alternations of the same thick- wrUi e , 
impure, small <^ncrctionary limestone, to which we have partially alluded at Orel, and which we shall again describe at Mteensk. 

Towards the summit of the section, where the yellow strata (for the whole have 
a prevalent yellow tinge) are lost under drifted sands, clay and detritus, one 
of the subordinate limestone beds (p) excited our attention, being made up of 
myriads of a minute shell, which seems to bear an analogy to the Venus gemma 
of the shores of North America. This fossil is associated with fine, pisolitic, 
ferruginous concretions, like those in the upper beds near Orel, and also with grains 
of siliceous sand, both white and black. Another course is composed of small 


serpuline bodies. 

Among the calcareous and flag-like beds of this system, some weather white ; 
and others, not exceeding a quarter of an inch thick, are chocolate-coloured, com- 
pact, siliceous limestones. These strata range to near Mtzensk, on the Zucha, a 


tributary of, the Oka. 

• ♦ 
The left bank of the river, on which 

that town ie built, offers a most striking 

section of the concretionary, dolomitic, 

grotto-like limestone, which we noticed at 

Orel and Ottrada, and which we here saw 

expanded into three distinct bands ( + + ), 

as represented in this woodcut. .« 
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In the cUfig at this place are scales of fishes, and at its base we found the Area 
Oreliana, which is characteristic of the highest stratum at Orel and of the middle 
beds at Ottrada. This fact seemed to indicate very clearly, that the general incli- 
nation was to the north, and that in proceeding from south to north, we were 
ascending in the series of strata. * 

In travelling from Mtzensk to Bielef, the grotesque concretionary rocks, (often 
covered unconformably by ferruginous sandstone of a much younger age) sink 
gradually under other Devonian strata, in which argillaceous marl, occasionally 
almost a pipe-clay, rarely green and much more frequently Yellowish, alternate 
with impure, light yellow, sandy limestone, passing into sandstone, with pisolitic 
beds similar to those of Ottrada. At the station of Budevich, the Terebratula 
Livonica (V. Buch), and T. ventilabrum (Phill.), are grouped with ichthyolites ; and 
from Piscavadi, to near Bielef, an occasional Orthoceratite may be detected. 

At Bielef the precipitous bank of the Oka under the town is interesting, in 
showing marly strata reposing upon the uppermost bed of the grotesque lime- 
stone, which at Mtzensk forms the top of the cliff. As this stratum is here on the 
level of the Oka, it is thus probable (however imperceptible the inclination of the 
strata may be) that the beds have actually dipped to the north more than 100 feet 
in the space of about forty-five miles ; the cliff at Mtzensk having a height of about 
seventy feet, and allowance also being made for the descent of the Oka between 
the two places. 

At the convent of Jabrim, four versts north of Bielef, yellowish, marly and 
earthy limestone prevails, and afterwards the yellow-coloured rocks gradually 
disappear and are succeeded by cream- and white-coloured marls. At Jabrim we 
collected Orthoceratites vermicularis (nob.), Terebratula plebeia (Sow.), with Cythe- 
rinai* and casts of Modiola and Nucnla. 

Between Bielef and Lichvin we first met with fossils whidi showed an approach to 
the Carboniferous system ; for the Orthoceratites vermicularis is there associated with 
the Cirrus acutus (Sow.), which, though generally considered a carboniferous fossil, 
occurs also in unquestionable Devonian rocks at Wilmar on the Lakn (Nassau). 

At Kipet we discovered thin calcareous flagstones charged with fishes. In the 
bed of the little brook, blueish, yellow and bright green spotted marls and clays are 
overlaid by brown, hard, flag- like limestones, from three to four inches thick, 
containing Holoptychii. 'fhese are covered by yellowish marl and marlstone, and 
a thin course of dark blue, calcareous flagstone, charged with Serpwla omphalodes, 
Terebratula plebeia, Modiola, with Orthoceratites and Cytherinse. The strata in 
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this little ravine are inclined 16 ° to the north-north-east, but this inclination is 
evidently « local phsenomenon*. 

The light and buff,coloured marly limestones to the south of lichvin are the 
highest beds of the Devonian system which we could trace, owing to the great cover 
of sand and detritus. In these we collected a Terebratula analogous to T. pleuro- 
don in its general form, Cirrus acutus (Sow.), Bellerophon striatus (D’Orb.), Or- 
thoceras vermiculare (nob.), together with casts of Modiola, Nucula and Turritella, 
which are indeterminable. The re-occurrence at this spot of fossils, which in other 
places (as towerds ^tzensk and at Voroneje) are associated with unquestionable 
Devonian types, left no doubt of the age of these beds. By their low position in 
the hill sides. Independent of the gentle inclination to the north, they undoubtedly 
lie beneath the sands with coal and the carboniferous limestone, which succeed to 
the north of luichvin, and which on ?lie frontier of the Moscow basin, as well as in 
the Valdai Hills, form the base of the Carboniferous system. The long, coloured 
section under the Map, sufficiently illustrates the general succession in this part of 
the country. 

Amon^ the equivocal sections of the upper members of this system — for we had 
not time to place it exactly in the series — is one which we met with on the bank of 
the rivulet Ulabue, sixteen versts east of Krapivna (between Tula and Lichvin), 
in the undulating slopes near which, a little water-course laid bare this section. 

Marls^blueish, yellow, &c. 

White marlstone, like hardened chalk, in beds of one to two feet. 

Calcareous flagstones, in parts sandy and siliceous, with Producti, Leptsense, Tercbratulse and Spiriferse. 

Concretions of cream-coloured marly limestone. 

Yellowish limestone ctf magnesian aspect. 

Flagstones, with minute fossils (Cytberinae?), small fishes' teeth and scales. 

Clays and marls. 

Concretions and thin^calcareous courses. 

Thick-bedded, grey, compact limestones of conchoidal fracture, with traces of silicified wood. 

The uppermost beds are covered with ferruginous sand containing ironstone 
concretions,* and the plateau is spread over by some detritus (drift) as well as by 
the black *earth or “ Tchornozem,” of which and all the superficial deposits we 
shall treat in the concluding chapters. 

Besides a curious fish’s tooth, the occurrence in these beds of, apparently, the 

• The flagstones quarried at the spot are used as tombstones in thq churchyard of Kipet, and it was 
from observing forms of icht^yolites on these monuments, that we were led to discover them, in $itu, in 
the bed of the adjacent rivulet, about half a verst to the west of the church. 
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same minate CytheriruB which occur near Bielef and at Kipet, together with the 
characteristic shell, Leptana productoides (Murch.), induce us to consider these 
beds as part also of the uppermost member of the Devonian system ; and we the 
more adhere to this belief, since we are unacquainted with any series of strata re* 
sembling them in the numerous well-known sections of the carboniferous strata 
of Russia. Among the other fossils of this locality, we may cite Lepteena arcuata 
approaching to L. sarcinulata, so common in the carboniferous 
rocks of this country ; two species of Terebratula, the one resembling T. concen~ 
trica, the other T. seminula (Phill.) ; Spirifer muralis?, Spirifer near to S. glaber, 
with fragments of Modiola, Orthoceratites, and Syringopora ? &c. 

Devonian Rocks upon the Don . — The most southern point at which we observed 
any rocks of this age upon the river Don is near the village of Pietina. At the junc- 
tion of the river Vorona with the Don, a few'sandy, calcareous, fospiliferous flag- 
stones, of a few feet thickness only, are overlaid by reddish, ferruginous sandstone, 
and finally by siliceous sands, which towards their lower part contain courses of 
blackish clay. These last-mentioned sands, like others to which we shall afterwards 
allude, and which equally overlie the Devonian rocks in the Oka, may* possibly 
belong to the greensand of the Cretaceous system. Blocks of quartz rock with 
sands, form the cap of all these strata near Pietina. 

The Devonian strata near Voroneje are, however, best seen on the left bank of 
the little stream Devitza, on the sides of a ravine where they are arrai^ed in the 
following order ; — 

Feet. 


Calcareous, shelly flagstone, loaded with fossils 7 

Red clay or marl f 1 

Yellowish sands 10 

Whitish and red spotted clays and marl, forming the base 20 


the whole covered by reddish-coloured drift and black earth. 

Tlie calcareous flags at this spot have furnished us with a greater number of cha- 
racteristic fossils than the beds of any other locality in Russia. They not janly abound 
in species published as Devoniem types from the Boulonnais, the Eifel, and Devon- 
shire, but also contain the remains of ichthyolites — and all this in a (hickness of 
about seven feet ! Among the most characteristic published * shells are Spirifer Ver- 
neuilii, Productus caperatus, Leptana Dutertrii, Terebratula aspera ; and among the 
new forms are Spirifer Ai^soffi, (nob.), Lepteena Fhcherii (nob.), L. asella (nob.). 

i Murchison on the Boulonnais, Bulletin de la Soci^te Oeol. de France, voL\i. p. 255. 
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At Jendovistie, on the stream Veduga, another feeder of the Don, sandy, cal- 
careous flagstones of greenish colours, are interlaced with spotted red marl and 
day, containing Devqnian fossils, and similarly covered by sands and ferruginous 
concretions. In ascending the Don we traced Devonian rocks in the hillocks of 
Sadonsk, and in them we no longer found the same fossils as those collected in the 
neighbourhood of Voroneje : others, however, became dominant, such as the 8pi- 
rifer Archiad, with its elevated area, and a plicated Terebratula resembling T. venti- 
labrum. 

At Lebedian^ on fhe Don, the sloping banks of the river give a section, where 
upwards of seventy feet of strata are exposed in the following order : — 

Feet. 


Black earth and detritus 

Ferruginous grit (greensand ?) 3 

^ Devonian Rocks. 

Marly limestone 4 

Impure, compact, finely laminated, light grey limestone, containing remains of the 

same species ? of fishes as at Orel 10 

Flagstones : in parts magnesian and cavernous, with Le})taiiia caperata 8 

Finely laminated and striated siliceous limestone 12 

*Bed8 filled with the same minute fossil as at Ottrada (see p. 57) 4 

Sandy beds, with breccia-like (concretionary ?), marly limestone 4 

Thick flags of compact, hard limestone, in part concretionary, with cavernous sur- 
faces, and filled with Spirifer Archiaci and Lpptama capt^ata 12 

White, marly fragmentary limestone, with broken concretions 15 


Concretionary, siliceous limestone, consisting of large, spherical concretions, com- 
• posed ot concentric laminae, forms the base of the cliffs 

Beds of the same lithological structure as those previously mentioned, viz. 
yellow, sandy, magnesian limestones and marls, extend to Donkof, a little to the 
north of which, we place the upper limit of the Devonian system, in this parallel. 

The peculiar type of the system which has just been described, being so very 
calcareous and so equably bedded, is, as might be expected, more highly charged 
with the remains of fossils, than the red and green marls, impure limestone and 
red sand, which lie to the north of the Moscow basin (see Map and section below 
it). Organic remains are, it is true, much more abundant in some parts than 
others. ThuG^ as above stated, the strata which have afforded us the greatest num- 
ber of species of shells are the flag-like limestones near Voroneje. These are 
probably among the inferior beds of the central region ; and we form this opinion, 
not simply because Voroneje is situated at a lower level than Orel, a point of 
some little valu» in a country where the strata are so nearly horizontal, but chiefly 

K 
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from zoological evidences ; for the prevalent forms are identical adth 
lowest Devonian rocks of other countries'. These beds may be a^ictly oofii* 
pared with the Devonian limestones of the Boulonnais, theip being at least ^elve 
species of characteristic shells common to the Russian and French localities, as 
will be detailed in the sequel. On the whole, we may say. that the sections of 
the Upper Don* have afforded about thirty species of true Devonian fossils. 
i. e. of characters intermediate between those of the Silurian and carboniferous 
types. 

Our last survey of Russia has, indeed, impressed us forciWy with the value of 
possessing a correct knowledge of the fossils of this system. Unacquainted 
with them, and the place which they occupy in the series, the best field-geolo- 
gist might have been misled in making out the true succession, in the little- 
disturbed and undulating region of Central*Russia ; for in proceeding from the 
Valdai Hills on the north he quits a Devonian zone, with a true “ Old Red ” 
type, dipping under the Carboniferous rocks of Moscow, and having passed 
through the latter, he finds himself suddenly in a yellow-coloured region, entirely 
dissimilar in structure to what he has seen in any of the northern governments. 
Hence he might naturally conclude — the order of superposition being difficult to 
trace, and the level of the country being considerably higher than that of Moscow 
— that he had reached a horizon superior to the carboniferous limestone, and which, 
from its aspect, might be the Zechstein or magnesian limestone : and yet this very 
zone is the true equivalent of the Old Red system, which, loaded with its cha- 
racteristic fossils, rises out in a dome or broad-backed elevation to form the central 
watersheds of the empire. 

General view of the Organic Remains of the Devonian Rocks of Russia. — Having 
shown that the widely spread deposits (No. 3 of the Map, and coloured dull red) 
are the true equivalents of the Devonian rocks of Western Europe, their founda- 
tion being based upon Silurian strata and their upper beds covered by carboniferous 
formations, we now offer a few general remarks upon their organic remains. The 
reader who is acquainted with the characteristic fossils of this *age in Scotland, 
England, and parts of Germany and France, has learnt by the perusql of the pre- 
ceding pages, that in its Russian development, the system contains an union of 

' See MurchiaoD on the Deronian strata of the Boulonnais, Bulletin de la Soci6t6 06ol. de France, 
vol. xi. p. 229. 

* See description of the Organic Remains in the Third Part. * 
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palceoatological evidenoeg of its age, which are not so clearly exhibited in any other 
country. 'Qie Old Red Sandstone of the British Isles, for example, which is charged 
with peculiar ichthyolites, several of which have been already alluded to as also 
common to our Russian deposits, has never yet afforded a single species of the 
MoUusca so prevalent ih the slaty limestones and schists of Devonshire, that have 
been placed upon the same parallel. On the other hand, Devonshire, the Bou- 
lonnais, and the greater part of the Rhenish provinces, where these MoUusca abound, 
contain none of the Scottish ichthyolites. In one part of Belgium and in the Eifel 
only, have oneor two fossil fishes been found, associated with the other members of 
that fauna. The examination of Russia has, therefore, not only enabled us to 
trace these deposits over an enormous area, but also entirely dispeUed any doubts 
which might have existed in respect to the identity of the Old Red Sandstone of 
Scotland witli. those slaty rocks of Dfevonshire and the Continent with which it had 
been compared *. It has, in short, offered numberless proofs, that the ichthyolites 
and mollusks, which in Western Europe are separately peculiar to smaller detached 
basins, were here cohabitants of many parts of the same great sea. If our re- 
searches nn Russia had led to no other result, they would, we conceive, have well 
repaid our labours. 

The fauna of the Devonian rocks of Russia is, indeed, most remarkable in 
presenting to us a number of forms of each great class of animals, which are posi- 
tively identical with species hitherto known only in deposits of the same age in 
Western Europe. Thus, among the MoUusca, these rocks contain many species 
of shells which are undistinguishable from published Devonian species. The most 
characteristic of these have been already cited in the previous pages, or are men- 
tioned in the tabular view attached to the Map, and the remainder will be enume- 
rated, and the whole described in the concluding or Third Part of this work. 

We may, however, enumerate two or three general results of our inquiry. The 
genus Serpula, for example, no trace of which has been discovered in the Silurian 
rocks, here jnakes its first appearance. The Orthoceratites with annular siphons, 
and of which tlie 0. cochleatum. is the type, are peculiar to this system. Among 
other impoftant distinctions between this group and that which lies beneath it, are 
the appearance, for the first time in ascending order, of Spirifers with simple plaits, 
and the great profusion of Terebratulae ; the last-mentioned genus being very rare 

' See Geol. 'frajis.. vol. v. p. 633, vol. vi. p. 221. Sedgwick and MurcUson. 

• k2 
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in the Silurian rocks. On the other hand, Trilobites, which are so profusely dis- 
tributed in the Silurian rocks of the Baltic governments, are of very unusual occur- 
rence in the Devonian strata. 

But the greatest distinction of all, between these Devonian beds and those on 
which they repose, is the profusion of ichthyolites, none of which are found in the 
lowest fossiliferous system of Russia'. 

In Polypifers, the Devonian rocks of the northern and central districts are not 
rich, as might he expected from the sandy, marly and dag- like nature of the strata ; 
but on travelling to the confines of Asia, we find that beds of the same age in 
the Ural Mountains, having the subcrystalline, slaty and calcareous facies of the 
rocks of Devonshire, are like them loaded with corals. Nay more, these polypifers 
are associated with several species of mollusks identical with those of the British 
Isles, whilst the agreement between these very distant synchronous deposits is still 
further maintained by the negative feature common to both, of the absence of 
ichthyolites. 

The connexion between the character of the fossils and the nature of the matrix 
in which they are imbedded, is, indeed, more pointedly brought before the observer 
who ranges over the boundless tracts of Russia, than in any other country which 
it has been our lot to examine. In Courland, Livonia, and the Baltic governments, 
as well as in the great central region to which the system extends, thin beds of 
finely laminated limestone alternate with and are subordinate to great^ masses of 
sand, marl and fiagstone ; and whilst in the thin limestones mollusks prevail, occa- 
sionally mixed up with the remains of fishes, the latter are often found exclusively 
in marly and sandy beds. 

Now in tracing these rocks from the Baltic provinces on the south-west, towards 
Archangel on the north-east, the limestones (as stated p. 48) gradually thin out, 
and the system (as in the government of Olonetz) being represented by sand, clay, 
and sandstone, we there lose the Mollusca, and find that the rocks having the 
essential characters of the Old Red Sandstone of Scotland are, like ^at deposit, 
inhabited by fishes only ! A remarkable phaenomenon, in showing an Accordance 

' In Ch«it Britain, where the Silurian system is so copiously developed, no ichthyolites have been 
discovered by the authors beneath its uppermost member — ^the Ludlow rocks ; but very recently palates 
of a fish have been discovered by the Rev. P. B. Brodie, near Dursley Cross, May Hill, Gloucestershire, 
iu strata which are referred to the Wenlock limestone. It is possible that ere long some trace of ichthy- 
elites may be found in the upper part of the Silurian rocks of Russia. • 



CONDITIONS AFFECTING THE DISTRIBUTION OF FOSSILS. 


65 


between the lithological and zoological contents of rocks of the same age in the 
most distant countries. 

Again, in passing the Baltic governments into the central country of Orel 
and Voroneje, we perceive, that with the change in lithological features which has 
been described (viz. red sands, marls and calcareous flags prevailing in the for- 
mer, and yellow magnesian limestones and marls in the latter), a corresponding 
change occurs in the relative proportion of mollusks and fishes. In the one, the 
ichtbyolites predominate in number of genera and in the profusion of species ; and 
in the other, whole t)ands are loaded with characteristic mollusks, the remains of 
fishes being more rarely found among them. 

These facts concerning the relative distribution of different classes of the sub- 
marine fauna of an ancient period, the earliest in this part of the world in which 
Vertebrata hjive yet been discovered, present strong analogies to the manner in 
which the adjacent parts of the present seas are inhabited. The great receptacles 
of fishes are often, if we mistake not, deep sandy bottoms, in which comparatively 
few shelly creatures exist, whilst the latter are prone to congregate in multitudes 
towards 4he shores, where calcareous springs and other favouring circumstances 
attract them. 

Abandoning, for the present, these general zoological analogies, we might now 
proceed to cite the language of Professor Agassiz and Professor Owen, who have 
each contributed to this work, by developing the character of the ichthyolites of 
the Devonian system of Russia ; but we refer to their own words, as given in the 
Third Part of the volume. We must, however, anticipate their remarks so far as 
they bear upon our general conclusions. We have already alluded to such of those 
fossil fishes as were discovered by M. Pander and Professor Asmus ; and we know 
that these authors were about to publish works descriptive of the Russian ichthy- 
olites of their respective neighbourhoods (Riga and Dorpat). Not doubting the 
ability with which they will describe such remains, we had too many obvious and 
pressing reasons to refer all our specimens to Professor Agassiz. Our great object 
is distinctly to ‘place in parallel, the palaeozoic types of Russia with those of the 
countries Mjith which we are acquainted, through our own labours in the field, and 
the fossils of which have been described by good naturalists. Among the latter, 
it is well known that Professor Agassiz has, from the commencement of our palae- 
ozoic researches, taken the lead in describing ichthySlites. With his powerful 
mind, and bji having* at his disposal the remains of fossil fishes from many 
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regions, he has been enabled to institute general comparisons, and to trace their 
resemblances and differences in various formations, over all those parts £>f Europe 
'Vvhich geologists have explored. No naturalist, however accomplished, who is 
acquainted with one group of ichthyolites only, could afford us the knowledge 
of which we stood in need. To M. Agassiz, then, we referred all those remains 
of fishes with which our explorations in Russia had furnished us, being assured 
that it was in his power to clear away the great difficulties in which the study of 
the fragments of ichthyolites is involved. Whatever, therefore, may be the name, 
which the Russian naturalists above alluded to might be abouf to give to the fossil 
fishes of their own country, we trust that the nomenclature of Agassiz will be 
adopted by them, as forming part of a great scheme of ichthyolitic classification, 
which has been carried out in accordance with physical phsenomena and the dis- 
tribution of mineral masses as determined by 'geologists. «. 

Professor Agassiz acquaints us, that of the specimens which we referred to 
him there are certainly eight, and probably ten species, which are common to 
the Old Red Sandstone of Scotland and the Russian strata. “ So complete,” 
says he, “ is this identity, that the specimens of the two countries resemble each 
other to the extent of being confounded, often appearing to be the very casts 
of each other. It is rare (he adds) to find so perfect a resemblance occurring 
among specimens in the very same locality, and there cannot therefore exist the 
smallest doubt as to the geological horizon to which these fossils belong.” The 
species which are thus identical are, the Glyptosteus favosus, Ag., Chelonichthys 
Asmusii, Ag. (the name given to the strange monster mentioned p. 53), Diplo- 
pterus macrocephalus, Ag., Holoptychius Nobilissimus (Ag. Sil. Syst.), Dendrodus 
strigatus, Owen, Lamnodus biporcatus, Ag. {Dendrodus biporcatus, Owen), Cricodus 
incurvus, Ag. {Dendrodus incurious, Owen) ; whilst two other species, Glyptosteus 
reticulatus, Ag., and Chelonichthys minor, Ag., are presumed to be the same as 
fragments which M. Agassiz possesses from the north of Scotland. 

With this striking coincidence, there are, however, great distinctions betw'een 
the group of Russian ichthyolites of this deposit, when viewed aa a whole, and 
that of the British Isles, for, as Agassiz well remarks, some of the forms most 
characteristic of the system in Scotland have no analogues even in Russia. Such 
are the Acanthodians, which division comprehends the genera Acanthodes, 
Diplacanthus, Ckeiracantkds and Cheirolepis, and the genera Pterichthys and Cepha- 
laspis of the group of Coccosteini of that author. Nor ^as the*very common 
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Scottish genus, the Coccosteus, yet been found in Russia ; for although, when upon 
the spot, y^e were disposed to consider certain mammillated scales and bones as 
belonging to that genus (see Proceedings of Geol. Society, vol, iii. p. 401), we now 
learn from the great ichthyologist, that it is not present, though its place is taken 
by the allied genera Gh/ptosteus and Chelonichthys. And here it is gratifying to 
reflect, that some of the more perfect specimens which we brought from Russia 
have enabled M. Agassiz to describe, for the first time, the less well-preserved frag- 
ments of bone which he formerly procured from Scotland, but which he had put 
aside as doubtful ft)rms. All these Ganoid types, as well as the very peculiar 
Russian genus Placosteus, Ag., and other Placoid fishes of the genera Ctenoptyckms 
and Ctenacanthus, will be described in their appropriate place, accompanied by some 
ingenious observations of the author, on the analogies which a comparison of the 
contents of tli^ Russian and Scottish deposits has enabled him to draw, between the 
conditions of that ancient epoch, and the existing distribution of fishes in the dif- 
ferent seas of Europe (see Part III.). 

We cannot, however, quit this subject, without alluding to the great light which 
is thrown upon ancient nature, by the application of the microscope to fossil teeth 
and bones. To Professor Owen geologists are most indebted for the new employ- 
ment of this valuable power. First testing its importance in distinguishing Mam- 
malia and Saurians, he also applied it to certain teeth of fishes brought to him 
from Scotland, and discovering in them a dendridic disposition of the vascular 
canals, he named the genus Dendrodus. Now, on submitting to Professor Owen 
some teeth of similar outline and appearance from Riga in Russia, he detected by 
the same process, that they were absolutely identical with those from Scotland, 
which he had named Dendrodus strigatus as the type, with D. hastatus, D. bipor- 
catus and D. incurvus as subordinate species. In the subsequent account of the 
organic remains, this point will be illustrated by Professor Owen himself. 

But the value of this application of the microscope does not stop here, for whilst 
we write. Professor Agassiz acquaints us, that, availing himself of the weapons 
which Professof Owen had so skilfully wielded, he has commenced a series of re- 
searches, not only into the teeth, but also into the structure of all the hard, enamelled 
bones of the Russian fossil fishes, and by which he will be able to show the same 
distinction in the other bones of the different genera of this class, which Professor 
Owen has successfully established in relation to the boribs of the higher orders of 
animals. He jjas, indeed, already forwarded to us a diagram which shows in three 
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small sections, the distinctive osteological characters of the remarkable genera 
Olyptosteus, Chelonichthys and Psammolepis *. ^ 

Returning from this digression, we cannot better conclude our present subject, 
than by reminding the reader, that the Devonian rocks of Russia are of very 
diaaiTnilar lithologiced structure in different tracts of this* vast empire. In one 
tract they are composed of red and green flags and marls, in another of red sand- 
stone, and in a third of magnesian limestones and marls of light and yellow 
colours ; whilst in tbe Second Part of this work, we shall have to speak of them, 
in the Ural Mountains, as black and calcareous slaty mass^. LfOoking, there- 
fore, to these facts, and having further ascertained that the ichthj'olites of the 
Old Red Sandstone of Scotland, and the Devonian mollusks of England and the 
Continent, are here intimately associated, we have no hesitation in adhering to 
the word “ Devonian,” and in urging geologists to follow our example. That term, 
we repeat, was adopted to prevent the confusion arising from the employment 
of the name Old Red Sandstone, so inapplicable to great tracts of Europe w'here 
the system prevailed, but where its existence had been unnoticed, because it con- 
tained no traces of red sandstone. In the preceding pages we have offered strong 
reasons for the use of the new term in Russia, by pointing out that great portions 
of the deposits of this age, which are there neither red nor sandy, contain those 
forms of extinct life which have been published and adopted as Devonian types. 

* This drawing of the internal structure of the above-named ichthyolites, and sketches of the external 
form of all the characteristic Russian species, will be given in the Third Part of this work. 
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CARBONIFEROUS SYSTEM. 

Carboniferous System of Northern and Central Russia the equivalent of the Mountain 
Limestone of Great Britain. — Divided into three Fossiliferous Zones. — Lower Zone 
with seams of Coal in Sand and Shale described in the Valdai Hills. — Extension 
of Limestone to Vitegra. — White Limestone of Archangel. — Great Central Basin of 
Carboniferous Limestone . — Lower Southern edge of^ near Kaluga^ Tula, Sfc . — White 
Limestone of Moscow. — > Extension of this central mass along the river Oka to 
Kasimof and Jelatma. — Upper or Fusulina Limestone at Kovrof and near Samara 
on the Lower Volga. 

We have now to treat of a system equally vast in horizontal extension with that 
which has been just described, and infinitely more important in mineral contents. 
In the older palaeozoic rocks of Russia we met with no signs of terrestrial fossil 
vegetables^ still less with any traces of carbonaceous matter, but we no sooner 
ascended to the horizon of the strata under consideration, than coal beds occur, 
and we were surrounded by organic remains which characterize the great Carboni- 
ferous epoch. 

Throughout the whole of the enormous area over which this system extends (see 
letter c upon the M^), the subsoil, whether in the northern or central govern- 
ments, or in the southern steppes, consists of limestones, with beds of sandstone, 
shale and marl, which are the undoubted equivalents of the Mountain Limestone 
or lower portion of the Carboniferous group of English geologists. The upper 
member of this system, which is so copiously developed in Western Europe under 
the names of coal-measures and terrain houiller”, has not, as will hereafter 
appear, any decided representative in Russia, where the rocks of this epoch are 
analogous to the carboniferous deposits of Ireland, which, though very largely 
developed, contain no representative of the upper and productive coal-fields of 
Great Britain 

> See Griffith’s Geological Map of Ireland. 
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In sketching the features of this great expanse of calcareous matter, we shall follow 
the same course as that adopted in the preceding chapter, by resuming tke account, 
in the ascending order, from the strata of the preceding system, with which the 
beds under consideration are in contact. We first, therefore, describe the lower 
members on the Msta and the Priutchka, and then follow' them in their extension 
to the north-east, south-west, and south-east. The description of the southern 
carboniferous tract, so important from its mineral contents, will occupy the next 
chapter. 

In our last year’s survey we were led to divide the chief cafcareous mass of this 
system into three subformations, each typified by characteristic fossils. When, 
however, fully developed (as on the western flank of the Ural Mountains), the 
limestones are surmounted by a peculiar group charged with Goniatites, and made 
up of grits, flagstones and conglomerates (see Tabular view and Chapter VII.). 

The attention of the reader is now called to the lower or great calcareous 
masses only ; and these, constituting the whole Carboniferous system of northern, 
central and southern Russia, consist in ascending order of— 

1 . Lower limestone, with Productus giganteus ; for the most part dark grey and 
bituminous, and which is associated with sands and a little coal. 

2. Middle or white Moscow limestone, with Spirifer Mosquensis {Choristites, 
Fisch.). This portion is void of carbonaceous matter in the northern or central 
governments, but in the southern steppes contains coal of good quality. 

3. Upper limestone, with Fusulina cylindrica (Fisch.), without coal in the north 
or upon the Volga, but in the south containing a little. 

Lower Limestone, S)C. in the Valdai Hills. — ^The lower limestone may here be 
detected at many places along the southern and eastern edge of the Devonian rocks, 
which it immediately surmounts. Its bottom beds consist of sand and shale, 
which, however slight may be their commercial value in any tract yet explored, are 
unquestionably of the same age, and occupy the same geological position as the 
productive British coal-field, which on the banks of the Tweed rises out from 
beneath the great mass of the mountain limestone of NorthumberlandH 

In the natural sections of the Msta and its tributary the Priutchka in the eastern 
part of the Valdai Hills, the lowest carboniferous beds, or those immediately above 

' See Transactions of the Nat. Hist. Soc. of Newcastle-on-Tyne, vol. i. ; in which the memoirs 
of Mr. N. Wood, Mr. Winch, and particularly a paper by Mr. Witham, show the position of this coal- 
field. Having revisited the coast near Berwick since our return from Russia, we muft say, that this coal- 
field, so very low in the series, is worthy of being described in greater detail. 
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the red and green Devonian marls, &c. before described (p. 46). are seen to consist 
of the following ascending order : — 

g. Sands : generally incoherent, of light 

yellowish colour, occasionally passing into 
sandstone, with pyritized plants, chiefly 
Stigmaria Jicoides, &c. On theMsta, these 
sands are not less than thirty feet thick, 
while on the Priutchka they do not exceed 
six feet. • * 

h. Bituminous schists, with Coal. On the 
Msta the coal is so thin and poor as hardly 
to merit that name ; on the Priutchka, however, the bituminous schists having a 
total thickness of about forty feet, afe characterized, in their upper portion, by four 
beds (i) of impure, imperfectly consolidated, pyritous coal, which is partially ex- 
tracted in horizontal galleries. The uppermost bed is ten inches, the lowest five 
thick. Some of the tertiary lignites of Germany and Franee are superior in qua- 
quality tt) this material, which has been even named by Colonel Helmersen “Mor 
kohl,” but it may prove serviceable when the great rail-road to Moscow is com- 
pleted. 

Red, white, and green argillaceous marls (j) surmounted by whitish sands with red 
bands (k)^ and mottled marls (/). The last-mentioned support the lowest beds of 
the carboniferous limestone. On the Priutchka these sands and marls occupy a 
thickness of about seventy feet. 

m. Lower Limestone of both dark grey and purplish colours and compact struc- 
ture, divided into several beds which vary in different localities from two to two 
and a half feet each^in thickness. The way-hoards between these strata are often 
dark-coloured schists, more or less bituminous, as well as the limestones. The 
characteristic fossils of this lower bed of limestone (m) are the large Productus gi- 
ganteus {hemisphericus. Sow.) or P. variabilis of Russian authors, P. punctatus (Sow.) , 
P. antiqucetus (Sow.), and the large coral Cheetetes radians (Fischer), witli Encri- 
nites. Th« shells are, it is well known, common to the mountain limestone of 
England, and the coral, Chatetes radians, is found in the same rock, both near 
Bristol, where Mr. Lonsdale discovered it, and in Northumberland and Westmore- 
land, where we have recently collected it. 

n. White limestone . — It is doubtful whether this band of limestone can be con- 
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sidered to represent the same member of the series as the white limestone here- 
after to be described, which is so abundant near Moscow and to the south of that 
city, for we did not detect its characteristic fossil, the Spirifer Mosquensis (Fisch.), 
in the Valdai Hills. This upper limestone of the Priutchka (twelve to fifteen feet 
thick) is milk-white, resembling the finest varieties of “ calCaire grossier,” and con- 
tains Bellerophon clathratus (D'Orb.) , Cirrus rotundatus (Sow.), = Euomphalus Dio- 
nysii (Goldf.), Pecten (Eichw.), Orthis arachnoides (Phill.), Productus striatus^ 
{Mytilus, Fisch.), P. scabriculus (Sow.), Nautilus tuberculatus (Phill.), Orthoceras 
annulatum (Sow.), Cidarites Deucalionis and Pyrula monticola (fcichw.), with corals, 
including Lithostrotionfioriforme, Fenestella, &c. 

Magnesian Limestone. — Without pretending to assert that the mineral succession 
which we observed in the sides of the brooks above the Priutchka, particularly on 
the rivulet Stolobna, is to be taken as the type* of the strata in other places, we may 
state, that upon the left bank of that brook, the clifis (fifty feet high) exhibit a 
series of very varied beds inclined at 35° to 40°, and including yellowish, sandy, 
dolomitic limestones, sometimes very earthy and impure, and some remarkable 
bands of flint, as represented in the annexed woodcut. * 

v>. 



n. Strong-bedded, dark purplish liraesttme, dislocated along the course of the rivulet Stolobna. — b, Sandy, reddish marls.— r. Soft white limestone, — 
d, Red and yellow ish argillareous sands.— e. Red clay, ochreous sandstone, See.—/. Greyish white limestone. — g. 'niin-liodded ditto. — A. Rituniinous 
schist. — I. VcUo wish, sandy, inagncsuui limestone.— y. t'ourses of flat-hedded flint, suliordinatc to san*!} magnesian limestone. — k. Yellow magnesian 
limestone. — /. Flint layers repeated m two courses. — m. Greyish encriniU* limestone. — «, &c., which are not fully drawn in the woodcut. n*pre- 
sent in ascending order a cours<> ot flint, grey thin-lH'dded limestone, with greenish marlstonc, white siliceous flinty band, dull greenish, earthy, impure 
limestone, and yellowish, sandy, magnesian limestone, passing upw'ards into other licds of impure sandy limestoiif , The whole is covered by local de- 
tritus and northern blocks [p . 

Besides displaying both magnesian and white limestone so common in the Car- 
boniferous system of Russia, this section is instructive in exposing certain bands of 
siliceous matter, which, from the durability of their fragments, when broken up, 
are permanent features in the detritus of Russia, just like the chajjc flints of 

» Tliis shell, so characteristic of the carboniferous limestone in the most distant countries, is known 
under several synonyms. It was first named and figured by Fischer Mytilus striatus, and, believing with 
M. de Buch that it is a true Protkictus, we have retained the earliest specific name. It is the Pinna 
infiata (Phill.), Productus limaformis (V. Buch), and the Leptana anomala <^ow.). Yet, with these dif- 
ferent names, the shell is identically the same from Britain to Siberia. ^ 
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Western Europe, which they much more resemble than any varieties of the chert 
of the mountain limestone. 

In treating of the Silurian strata near St, Petersburgh, we have before remarked 
that it was on the sides of the hills only, and in ravines of the hilly district, that 
small local dislocations were observable, and so is it in the Valdai Hills, where, 
although the gorges for the most part show beds perfectly horizontal (as in the 
woodcut, p. 71.), they also exhibit local disruptions, as on the Stolobna rivulet. 

The fossils which we collected at this place are the small Trilobite Otanon 
Eichwaldi (Fisch.),* Orthoceratites ornattis (Amplexus omatus, Eichw.), Gervillia 
laminosa (Phill.), Bellerophon depressus (Eichw.), Avicula Valdaica (nob.), Solemya 
primava (Phill.), Spirifer glaber (Sow.), Productus scahriculus (Sow.), P. latisdmus 
(Sow.) a small variety, Terebratula hastata (Phill. var.), Orthis arachnoidea (Phill.), 
with Chatetm radians, Lithostrotion, and other corals, several of which occur in 
England. It is worthy of remark, that in these magnesian beds, the fossils present 
their interior casts only, the surfaces of which are covered with small crystals of 
dolomite'. These sections of the tributaries of the Msta have been dwelt upon, 
because we nowhere else saw so good an ascending succession from the Devonian 
beds, through the overlying coal-bearing strata and the lower limestones. 

Extension to Vitegra. White Limestone of Archangel. — Before we trace the car- 
boniferous limestone over the great basin of Moscow, in which its central member 
is so much developed, we would first describe its range to the north-east. Ex- 
posed on the banks of the rivers Kolp and Suda, between Tichvin on the north- 
west and Tcherepovetz on the south-east, its northernmost limits range by Vitegra 
and the plateaus north of the Andoma. Rising to the surface throughout con- 
siderable flat tracts near Kargapol, it is continuous across the Onega, appears in 
force upon the Dwina to the south of Kholmogor, and passing that river, ex- 
tends by the north of the Pinega to Mezene, the capital of the country of the 
Samoiedes*. The southern limits of this limestone may be indistinctly traced at 

' The above* obsjrvation applies very g^ciicrally to all the crystalline limestones, largely charged with 
magnesia. The fossils which are obtained from the magnesian variety of the Mountain Limestone at 
Breedon Hill, ^Leicestershire, such as Productus, Orthis, and Spirifer, the latter having the spiral brachia 
beautifully preserved, occur only in the state of casts, having their surfaces coated with regular dolomitic 
crystals. The fossils of the Magnesian Limestone of Humbleton Hill, near Sunderland, are also found 
in the same state. ^ 

* Our knowledge of the extreme points to which this limestone extends on the north-east, beyond 
Mezene, as repr^pnted in thi Map, has been very recently obtained by one of us (Count Keyserling) from 
the distinguished botanist and traveller M, Ruprecht.— Dec. 1842. 
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intervals beneath the drift to mark its general direction, in a line passing between 
the lake Bielo-Ozero and the town of Kirilof, a few miles only to the north of the 
latter, and thence to the hanks of the Dwina near Siiskaya. . 

On the Andoma near Vitegra the lower or hard grey beds cover the same 
yellow sandstone and carbonaceous shale, and contain the same fossils as in the 
Valdai Hills, viz. the Productus striatus and the Chcetetes radians (Fischer). In 
the calcareous woodland plateau of that district, the white limestone of the forma- 
tion assumes, indeed, a character which we have not seen elsewhere. It may be 
called a coral reef, to the formation of which the Chatetes radians. has profusely 
contributed, and the limestone, in some places as white as chalk, has been aggre- 
gated in large concretionarj' masses, with cavities occasionally containing caverns 
of some extent 

Other beds of the limestone in the same district are of dingy yellowish colour. 
On the whole, the strata represented in this woodcut, though clearly forming the 
bottom of the limestone, are not so dark-coloured as in many other places. 

8 bis. 



The lowest carboniferouR bed* in this section are the sands and bittiminouH shale [r;, which here Ixfcome very inconsiderable and repose on the 
Devonian rocks a and A . Then follows the peculiar coralline form of the limestone rf', irregular in its deposit and thinning out on the rise, to give 
place to a great mass of grey limestone y '. ^ 

From all that we could see of the limestone in its course to the north-east, we 
believe, indeed, that its bituminous and dark-coloured beds gradually thin out and 
disappear ; and the coral reefs with Chaetetes were never observed by us to the 
north-east of the canal Maria. • 

On the banks of the rivulet Vitegraski, seven versts south of Vitegra, the lower 
limestones, with Chmtetes radians, Harmodites parallelus (Fisch.), and other fossils, 
are, however, much expanded, and form strong cliffs, in which purplish 'and greyish 
hard bands are associated with a dolomitic variety. Here the limestone overlies 
the usual inferior beds of black, bituminous* shale and incoherent ydllow sand- 

‘ The pure white colour of this limestone has induced some individuals to reduce great quantities of it 
to powder, and when kneaded into a paste» it is sold chiefly for the purpose of whitening the churches 
and other buildings, according to a custom very prevalent in Russia. * ^ 

^ The bituminous schist in parts of this tract might almost be used as a black pigment. 
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Stone with coal-plants ; the latter being well seen in the cliffs at the mouth of the 
valley. , 

/. carbonifooiM UmMtone IS. 

e. Doloroitic Umeatone. 
d. Red and gr«en mottled ahalet with 
thin counea of Umeatone, in parta 
concretionary. 
c. Banda, yeUowiah. 

A, Bituminoua shale, — the representa- 
tive of the coal of the Valdai HiUs. 
a. Inf^erior sands, with 

The peculiarity of this section consists in a variety of magnesian limestone 
occurring at the vary base of the calcareous group, and also in red and green 
mottled shale (d) being placed between the limestone and the inferior yellow sands 
(c). In the last respect, however, the lithological succession is pretty nearly the 
same as that seen on the Stolobna, in the Valdai Hills. 

To the east of Vitegra, in the flat,ground between that place and the Mgra, the 
white limestone prevails, and at one small quarry we collected many fossils in beds 
of a yellowish and white, sandy limestone, pisolitic in some parts, and having 
very much the aspect of the oolitic tertiary deposits of Lower Styria'. Here the 
Nautilus tuherculatus (Sow.) and Spirifer Mosquensis (Fischer) abounded, with 
other fossils, among which we may here note Cardium elongatum (Sow.), Buccinum 
acuturn (Sow.), with the Chestetes radians and Ldthostrotion Jloriforme (Martin), and 
fragments of Terebratula, Natica, Turritella, Avicula, &c. 

Great masses of the limestone occur in cliffs on both banks of the river Vitegra, 
where it feeds the great canal Maria, at Dwytenskaya, the central station near the 
crest or watershed of this region before alluded to (p. 14). Again we found the 
Chestetes radians and many fossils, including Leptcena Hardrensis (Phill.), Cida- 
rites Deucalionis (Bichw.), and a new species of Natica which we have named 
N. Mariee. 

As our observations between this spot and the Dwina were confined to the vici- 
nity of the high road, the reader will not expect, particularly in a country of such 
monotonous outline, that we should be able to point out the exact order of each 
stratum. "We must therefore content ourselves with stating, that a large region 
is composed of carboniferous limestone, different beds of which are exposed on the 
sides of the road which makes great flexures to the south-east or north-west. 

In the flat tracts east and west of Cargopol, the white limestone forms the sur- 
face, and disintegrating in many places into a fine •gravel, is dug out by the 

' qee Trans, tleol. Soc. Lond., vol. iii. p. 397 (Sedgwick and Murchison). 
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peasants to form the roads, which in consequence are there excellent. AtBrafieva, 
the first station beyond Cargopol, the Spirifer Mosquensis occurs ; and at Volo- 
sofskaya a section exposes hard limestone, subordinate to red and green marls. 
These are covered by white and yellowish sandy limestones, full of fossils, in 
which the Avicula lunulata—Gervillia lunulata (Phill.), and the Natiea Marite (nob.), 
prevailed. 

At this locality, where the road makes a bend to the east and south, or towards 
the overlying deposits, we first met with Fusulinae, fossils which we shall hereafter 
show, are abundant in the uj)per calcareous strata only. The limestone, often the 
white variety, occupying a low ridge between Archangelskaya and Korishevo, is 
even seen to crop out and form ledges for some distance, a rare phaenomenon in 
this district, and it reappears at intervals as far as Denislofskaya, beyond which it 
is obscured by the drift of clay, sand and boulders. Wherever the calcareous 
rock comes near the surface, the vegetation is rich in papilionaceous plants, and 
the larch {Pinus Larir) occurs amid the common northern firs, with which and 
the birch-tree this region is so much covered. At Archangelskaya we collected 
Spirifer glaber (Sow.), S. Lamurckii (Fisch.), S. incrassatus (Tere&rfl^ula,»£ichw.), 
0. arachnoides (Phill. var.), Productus scahriculus and antiquatus, Cardium elonga- 
tum, Sow. {Pleurorhgnchus, Phill.), Natiea Maria: (nob.), with Calamopora incrus- 
tans (Phill.) and Cidarites Deucalionis (Eichw.). At Denislofskaya the prevalent 
fossils w'ere Productus antiquatus, Terehratula pugnus (Sow.), and Euomphalus pen- 
tangulatus (Sow.). Beneath the hills, of 150 to 200 feet in altitude, the summits 
of which are occupied by drifted materials, the limestone again appears in a low 
ledge along the edges of the river Dwina. Between Siiskaya and Rakolskaya, on 
the road to Archangel, the left bank of this magnificent river (which even here, at 
100 miles above its mouth, is broader than the Thames at Greenwich,) exhibits 
cliflTs of limestone, which in summer, when the stream is low, appear at heights of 
thirty and forty feel above the water, and are covered towards the interior of the 
country by mounds and terraces of detritus. . 

This white-coloured limestone of the Dwina is rich in organic remains, and con- 
tains many of the species already mentioned in other localities, particularly the 
Spirifer Mosquensis, Lepteena Hardrensis, and two species of Cidaris, one of which 
is the Cidarites Deucalionis. The other fossils are Spirifer rotundatus (Sow.), 
S. rkomboideus (Phill.), Productus punctatus, P. antiquatus, Euomphalus calyx 
(Phill.), Orthis arachnoides (Phill. var.), with a fish’s temth. Beds similar to 
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those upon the Dwina, and containing some of the same shells, with the corals 
Lithostrotibn fioriforme and Harmodites parallelus, were observed by us to extend 
for a short distance up the river Pinega. The lower carboniferous strata are ob- 
scured on the banks of the Dwind, and we would recommend those who follow 
us, to descend the river Onega, which passes through a gorge, about seventy 
miles above the town of that name, and where a junction of the limestone and 
underlying Devonian rocks is said to be exposed. We adhere, however, to the 
belief before expressed, that the bituminous shale and sands and dark limestones 
thin out, and that the subformations of the system are not nearly so much deve- 
loped in their north-eastern range, as in the central regions of Russia, to the 
consideration of which we now return. 

Great Central Basin of Carboniferous Limestone. — By reference to the Map it will 
be seen, that ftom the Valdai Hills as a centre, the carboniferous limestone extends 
not only to the north-east, into the country we have been despribing, but also 
by Moscow, and far to the south and south-east of that city. We know little from 
personal observation of the western side of this great mass, the boundaries of which 
are with difficulty defined, in consequence of the superficial detritus with which it 
is covered. On the east, however, we endeavoured to trace it in a tedious course 
by Tcherepovetz, Ustiujna, Mologa, Rybinsk and Yaroslavl, and having also made 
traverses across the governments of Vologda, Perm, &c., we are enabled to state, 
that no C£g“boniferous limestone appears in the wide area coloured red (No. 4) to 
the east of the Volga, until you reach the flanks of the Ural Mountains. 

Confining our remarks in the first instance to the lover division, we may state that 
our researches along the southern edges of the Moscow basin afforded us precisely 
the same results as in the Valdai Hills upon the north. In the zone of country 
extending from the nopth of Lichvin, on the west by Peremishel to Tula, the lower- 
most carboniferous strata, which succeed to the Devonian rocks, consist of sand 
and shale, with thin coal-seams, which are immediately surmounted by a lime- 
stone with Pfoduptus giganteus. 

The thickhess of the sand and sandstone varies in different places, and the thin 
courses of coal which are subordinate to them, vary considerably in quality and 
thickness in different localities. Thus at Jel^uiena, north of Lichvin, bands of 
poor coal appear in a ravine under the village, subordinate to bituminous schists, 
some of w'hich, like mai\y similar beds in England, sound like wood under the 
hammer. IncoHferent sands surmount the black mass, and sandy layers with stems 

•• M 
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of Stigmaria ficoides appear at intervals, whilst the impure and slightly consoli> 
dated coal is for the most part very pyritous, containing both sulphcfTet of iron 
minutely disseminated, and small geodes of crystallized pyrites. To show the 
slight persistence of any one of these coal seams, we may state, that in the bold 
cliffs of the Oka at Vornova, opposite Peremishl, they are represented (as on 
the Andoma, in the government of Olonetz, see p. 74) by a band of bituminous, 
stiff, black clay. This woodcut conveys a clear idea of the order, the sands and 
shale being covered by the Productus limestone. ^ 





It. 

Northern drift and detritus. 


5. Thin- bedded siliceous limestone. 

4. Stronpr-lwdded limestone, with concretions of flint, and 
containing Product u» iatiMimus, Orthin ararh- 
nuidcti, Kuumphttius iMonymi^ with set'eral corals. 
3. Sandy shale and sands. 

2. Bituniinous block clay. In other placet, coat. 

I . U’hite gauds. 


Subsidences of lunestone. 


Near Alexina the coaly matter in the same strata expands so as to form layers 
subordinate to sands and shale. The thickness and relations of the coal-seams 
vary exceedingly in at least, forty localities, where they have recently been ex- 
plored by Colonel Olivieri. In all the chief points, however, he has invariably 
observed the same order of superposition as that which is conveyed in the above 
diagram, viz. sands, shale and coal, surmounted by the limestone with Producim 
giganteus. Most of these localities have been marked in detail by that officer on 
the map of Schubert, and we visited some of them with him. 

Throughout this region, as in the Valdai Hills, the coal is'very pyritous, impure, 
fragile and light, and seldom equals in quality the best lignites of the Tertiary age 
in the Alps (Styria, &c.). We would account for the bad condition of this carbo- 
naceous matter, by the strata in which it lies not having assumed a lapidified con- 
dition, or Jiaving never undergone consolidation. The sands, in fact, are often 
as incoherent as the dunes of a sea-shore, the shale is mere blue clay, and the asso- 
ciated lignite is naturally light and impure, representing the first and second stages 
only in the chemical change which plants undergo in their transition into coal. 
Some seams, however, are superior in quality to others, from three to six feet 
thick, and presenting a natural outcrop in many ravines, the coal might be extracted 
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at slight cost. It may therefore doubtless be profitably used in manufactories, 
and subsequently supply steam-engines, when the great railroad now commenced 
shall have been completed'. The chief, indeed the only fossil plant which we ob- 
served in this coaly deposit, is the Stigmaria Jicoides. As we have seen it both 
in the sands and shale associated with the coal, its position in Russia did not seem 
to us to afford evidence in favour of a theory which has recently become preva- 
lent in England, that this plant was a sort of gigantic marsh or lagoon creeper, and 
that all coal strata in^ which it was found were formerly jungles, marshes or masses of 
vegetation whidh subsided upon the spots of their growth. Again, the facts that the 
underlying Devonian beds are charged with fishes and marine shells, and that 
the Stigmaria sands resting on them are surmounted by another marine limestone, 
prevent our hastily applying this theory to the Russian coal deposits. We shall 
revert to this^ubject in our description of the coal-fields of the Donetz, where the 
evidences still more decisively prove a marine succession, and are therefore much 
opposed to such a theory. 

Lower Limestone of Tula and Kaluga. — This limestone affords the same clear 
horizon-line in the lower division of the Carboniferous system of the governments 
of Tula and Kaluga, as it does in the Valdai Hills and other parts of the north of 
Russia ; being very generally characterized by the presence of the Productus gigan- 
teus (hernispharicus, Sowerby). In the cliffs opposite Peremishl (see woodcut in 
opposite page), and other places where we saw it, the limestone is a hard rock 
with conchoidal fracture, of grey, whitish and bluish colours, and is divided into 
beds from two to four feet thick. It is sometimes si’-ceous, and contains flattened 
concretions and obscure laminae of flinty chert and even of pure flint. At Tarusa 
on the Oka we found in it Productus giganteus, P. latissimus, P. punctatus, Euom,' 
phalus pentangulattis^ Solemy a primeeva (Phill.), Catenipora {Harmodites parallelus, 
Fisch.), with Pinna, casts of Bvllerophon, Turbo and Natica, and stems of Stig- 
maria ficoides. Again on the river Ocetre, in the government of Tula, the Pro- 
ductus gigan\eus,occ\JTS and is there associated with the P. striatus. At Alexina, the 
limestone overlying the coal and sands, contains the Productus giganteus with P. lo- 
hatus (Sow.% Orthis (Spirifer) resupinata (Sow.), and 0. arachnoidea (Phill. affin.). 

In the neighbourhood of Kaluga this lower limestone expands and divides itself 

' Two thousand poods, or about twenty-five tons of this coal were sfint by Colonel Olivieri for trial to 
Moscow last summer, but some of the localities are too distant from water-carriage to render such supply 
economical. * 

M 2 
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into two or three courses, alternating with thin seams of shale and impure coal. 
This hand is overlaid in the neighbourhood of Serpuchof, as in the Valdai Hills, 
by other courses of grey limestone, sometimes associated with shale, which near 
the former place is of red and greenish colours, and in these rocks we collected 
Orthis resupinata, 0. arachnoidea, Spirifer glaber (Sow.), and 8. (Anomia) trian- 
gularis (Mart.). 

White Limestone of Moscow, with Spirifer Mosquensis. — ^This limestone is very 
characteristic of the Russian carboniferous group, in which it occupies a central 
place and has an enormous extension. It ranges, in fact, from the •neighbourhood 
of Moscow, to the south of Kolmogor near Archangel, and well developed at many 
places around Moscow, it stretches out from near Serpuchof along the course of 
the Oka to the south-east into the government of Riaizan. In this woodcut we 

15. 



«. White anil nnummiaii carlwnifcruuti limestone with Sptnfrr MuitguetunH. > 

A. r. Lower shale with Ammonite.^, Helrninitea, and sunds and shale with .lunuine tnssiN 

d. Tertiary siliceous sandstone. 

e. Detritus and drift, with northern hiucks 

offer a general view of the relations of this white limestone to the overlying strata 
as seen on both banks of the river Moskva, near Miatchkova, to the south of 
Moscow. When examined in a single quarry and in tracts where the strata 
of all ages are so generally horizontal, the overlying Jurassic beds appear to be 
conformable to the carboniferous limestone ; but on examining the country it is 
found, that the surface of the latter rock is uneven, rising and sinking beneath the 
superjacent strata, like the corroded chalk of Western Europe beneath the Tertiary 
deposits. * 

The prevalent characters of the rock, as it appears in the governments of Tver 
and Moscow, is a white, more or less coarse-grained, limestone, or “ calcaire 
grossier'.” At the quarries of Miatchkova, represented in part of , the above 

• All the limestone coloured light yellow on the map of the environs of Moscow, * Oryctographie 
de Moscou', 1830-1837, by M. Fischer de Waldheim, is of the carboniferous age. Guided too much 
by lithological characters, M. Fischer referred some of these beds to the coral rag, and at the time of his 
publication considered them to be superior to the Lias, but recently our excellent friend has seen cause 
to change his mind and adopt 8ur views. In the sequel we shall have numerous occasions to express 
our obligations to Dr. Fischer, and to show how much service he has rendered to science by his publica- 
tions on organic remains. 
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woodcut, the lower strata are composed of the excellent white limestone of which 
Moscow is chiefly built, surmounted by beds of a compact, yellow magnesian lime- 
stone with flat and conchoidal fracture, and often a pure dolomite without the 
appearance of crystalline structure. 

At Pudolsk on the river Pakra, the uppermost beds of the white limestone con- 
tain a little chert, and have in parts a coarse oolitic structure. These rest upon 
a thicker bedded rock, with courses of flint and some magnesian strata of a cavern- 
ous nature. It would thus appear, that the white limestone alternates with mag- 
nesian bands, for at Miatchkova they overlie, and here they underlie that rock. 
We have already described magnesian limestones of the Devonian age, and in 
addition to their great frequency in the carboniferous rocks we shall hereafter point 
out their prevalence in an overlying system. 

Though very generally preserving its most characteristic fossils, the Spirifer 
Mosquensis (Fisch.), P. punctatus, P. antiquatus, and P. lohatus (Sow.), this rock 
changes its lithological associations in different places. We have already alluded 
to the occurrence of red and green marls with the limestone on the route to 
Archangel. The same relations are seen at one spot on the banks of the Moskva, 
near Moscow, as pointed out to us by an English gentleman, Mr. Frears, long 
resident in that city'. Again, at Radionofka, twelve versts north of Serpuchof, a 
section in a ravine exposed a thin band of the white limestone, with Spirifer Mos- 
quensis, associated with flinty or cherty and yellowish bands, passing down into 
red and green marls with geodes of impure limestone, the whole based upon mica- 
ceous, incoherent, green sands. 

In fact, the prevalence of red and green marls, shales, and sands throughout the 
lower palaeozoic series, and in the overlying Permian deposits which we shall after- 
wards describe, is on^ of the striking lithological features of Russian geology. The 
sections on the Oka, to which we now direct attention, are specially illustrative 
of this feature. 

Moscow Limestone on the Oka. — This central member of tbe carboniferous lime- 
stone is, perhaps, more fully exposed and with a greater variety of lithological fea- 
tures, on thb banks of the river Oka between Serpuchof and Kolomna, than in any 
other part of the wide region over which it is spread. 

In descending this river from Serpuchof, some bands of white and grey , brown and 

' In a subsequ^t chapter shall speak of other researches of Mr. Frears, and of the instructive 
suites of Jurassic fossils which he collected around Moscow and kindly placed at our disposal. 
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yellow limestone, containing Protiuciws spintdosus (Sow.), P, antiquatus, and Litho- 
strotionfloriforme, are seen at Lutshki, where they repose on red argillaceous marls ; 
and a few versts lower down the river at Tiesholovo, twenty-five feet of similar red 
marls surmount a white limestone, twenty feet thick, which descends to the water’s 
edge. At Putshino, a few hundred yards beyond this spot, a section exposes 
the white limestone, charged w'ith Spirifer Mosquensis, surmounted by red grit 
and resting upon white and rose-coloured marls, which alternate with other and 
thinner bands of limestone, containing the same characteristic shell. The cliff at 
this spot is not only interesting, in exhibiting the Moscow limestone subordinate 
to red and variegated sandstone and marl, but also in exposing a vast accumula- 
tion of calcareous tufa, not less than 110 feet thick, and charged with existing 
species of Helix and Limnsea. As this tufa is seen to rest upon some of the car- 
boniferous strata, it has probably exuded from other and higher layers of the same 
formation, in the manner represented in this woodcut. 

16 . 

f. Caicarcoun tufa with Helices and Limntttr. 
t . Bed sandstone. 

b, UTute limestone, with Spirifer Munqurtutis. 

a. l^tldinh and white marls alternating with the Spinfer 
linicstune. 



Outcrops of the limestone are also seen at the village of Tultshino ; but the most 
remarkable section, visible in any portion of this tract, is that of Kashirov, where 
upwards of 250 feet of strata are seen in the following order in ascending from the 
level of the Oka. 


Ka-shiro\ on the Oku. 


17 . 
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MliiCc maria, rising to the top of the cliff. Feet 

i. White limestone, passing upwards into marls HO 

h . Reddish and white spotted marls . . :tu 

P Marh, schistose limestone, white as chalk . . f* HU 

/. White limestone in thick slalis 30 

e. Porous, sandy, hard liniestone, in beds of three feet to 

d. Thin course of red marl I 

c. Soft micaceous green sandstone 80 

b. Maiiy clay, spotted with red sand and thin courses of hard limestone 30 


a. Vllute comjiact limestone, divided into strong beds of five or lix feet thick 30 


The upper beds are the most fossiliferous, but the same species of shells are 
found also in the lowest strata. Among these the most abundant are Orthis eximia 
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{Productus, Eichw.), Spirifer Moaquensis, Product'^ antiquatus (the variety without 
concentritf stri»), Melania rugifera (Phill.), Euomphali, with fragments of small 
Trilobites, Reteporae.'&c. 

At Romanovo and Lublino the limestone appears again in force, but at the latter 
place, in a thickness of 150 feet, the red and green marls have to a great extent 
disappeared ; whilst a little further on they reappear, and below Rostshielaf a rock 
of brick red sandstone is intercalated between calcareous marl and limestone, the 
whole reposing on ^eds with Spirifer Mosquensis. Other bands of white marl and 
limestone range onwards to Kolomna, one bed of which contains the corals Strom- 
bodes pentagonus, Chatetes radians and Cyathophyllum, and another the Cidaris 
Rossicus (V. Buch.). These strata rest upon a mass of Spirifer limestone. The 
white limestone which is here quarried for building, is equally associated, as in 
the neighbourhood of Moscow, with a yellow, magnesian variety like that of 
Miatchkova and other places near the metropolis ; which is usually employed as a 
road-stone. 

In making allowance for the undulation of the strata and also for the thinning 
out of some layers and the reciprocal substitution of limestone for marl and sand- 
stone, and vice versd, we believe that the Oka, in its course from Serpuchof to 
Kolomna, exposes, on the whole, a descending section, and therefore that the lime- 
stone of the latter place is the lowest stratum of this section. For although no 
perceptible inclination can be detected in the strata, at the greater number of the 
spots cited, there is a rise to the north, from the angle where the river flows north- 
wards towards Kolomna. We also draw our conclur ion from the manner in which 
the limestone near Serpuchof is surmounted by much red earth, and still more 
from the succession of fossils ; for in the upper portion of the great cliff at Ka- 
shirov, the Orthis eaimia is abundant and characteristic, and we shall afterwards 
show that this shell is never found in the lowest limestone, but is, on the contrary, 
associated with Fusulinae, in the limestone which we consider superior to that which 
we are now describing. 

With this central member of the carboniferous limestone we group all the strata 
which extend southwards and eastwards to Riaizan and Kasimof. In these regions, 
however, it is at rare intervals, and, as usual, on the sides of the water-courses only, 
that the rock can be seen. Near the post-house of Gprodnia, south of Kolomna, 
and on the banks of 4he Oceta river, we detected white limestone in masses up- 
wards of 10(f feet thick, associated with courses of black, grey and yellow flints. 
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One of the most remarkable outcrops of the limestone from beneath the sands 
or clays which so generally obscure the rocks of the government of Riaizan, is at 
the ancient Tartar town of Kasimof. The rock must here be of great dimensions, 
for it rises from the level of the Oka, to plateaus at least 300 feet above it. Some 
beds are so yellow and magnesian (they lie chiefly towards the middle of the sec- 
tion), that they cannot be distinguished from specimens of zechstein, like which 
they often disintegrate into a fine powdery sand, and the lower beds, which are 
hard and white, project upon the road which descends from the town to the ferry 
over the river. 

Here we found some characteristic fossils, together with spines of the same 
species of Echini, as on the Dwina, near Archangel'. 

The rocks of white limestone (in this region void of alternating red marls 
and sandstones) extend from Kasimof towards Jelatma, where they are sur- 
mounted both bv Jurassic strata and ferruginous sands. At the iron-works on 
the little river Unja, a tributary of the Oka, the lowest beds visible, as seen 
on the right bank of the stream, in the high road, and not far distant from the 
forge, consist of thin-bedded, concretionary, hard, flag-like beds, in parts cavernous, 
and fissured by many vertical joints. On the opposite bank, the beds, being slightly 
inclined to the east-south-east, may be followed across a low promontory, sub- 
tended by the river, in which they appear as represented in this w'oodcut. 


■ IS. 



a. Limestone, concealed. 

ft. Yellowish and mafrnesian limestone, w^th thinli l;aumated hands of flint and ochreous argrillaceoua way-lHiards TTie rock ia very cavcmoua, and 
the cavities arc often lined with corals, chiefly a large C yathophyllum ; and among the other fuasih arc Orthis extmia, J*roductut cirtnoide$, P. un- 
tiatuA I>e Fr. , P. antufuattm, Spinfer Lt^pftetia Hardrewnu. with Encnni. These lieda are corroded on the surface, and their superficial 

depressions filled with iron sand are succeeded at a httle distance in the cblT by a white, hard, flag-like, sandy limestone (c). The iron sands ^ x 
which cover indiscriminately the denuded l>eds of limestone and the drift ^ , will be described in subsequent chapters. 

As the carboniferous limestone is succeeded in a very short space by Jurassic 
■strata, which are clearly exposed on the banks of the Oka, near the adjacent 
town of Yelatma, and as all the region to the south is occupied by cretaceous or 

' Kasimof is a very picturesque* town, and the Oka is there a magnificent stream. Any traveller would 
be well repaid by ^-i8itmg a spot so celebrated in Russian history, and in which a very ancient tower and 
mosque of the Tartars are still to be seen among the gay churches of their conquerors. ' 



FUSULINA, OR UPPERMOST CARBONIFEROUS LIMESTONE. 


85 


tertiary rocks (see Map) and vast tracts of sand, it is evident that the regular 
ascending section has here been interrupted throughout this region as in the neigh- 
bourhood of Moscow (see woodcut, p. 80). 

Pumlina lAmestone. — Upper Division of Carboniferous Limesione. — Our most 
recent researches have convinced us, that the limestone charged with Fusulina, 
which during our first journey we had seen in the government of Archangel 
only, but which we then could not separate from the other masses, is, in truth, 
a superior member of the great deposit of carboniferous limestone. In a flat 
region like Russia, where the same beds range over such very wide spaces, the 
order of superposition of the different members of a system can seldom be 
seen in any one section. In the southern carboniferous tracts, where the strata are 
highly inclined, better proofs of this order are naturally obtained, in sections which 
will presently •be described. In the mean time 'we may remark, that from the 
great extension of the strata on the eastern limits of the large area of carboniferous 
limestone, of which Moscow is the centre, it is impracticable there to trace 
so clear a sequence. In one district only were we enabled to see what may 
be considered a passage into beds of nearly this age, in the white limestone 
which is worked along a low ridge extending from Kosrof to Velicovo on the 
right bank of the Nerecta, a tributary of the Kliasma. The sand and clay (drift) 
having been removed, and the beds laid bare by the workmen, the best or white 
courses of the rock are extracted (above Velicovo) from beneath coarse roof-stones, 
and though almost horizontal, these strata incline slightly to the east-north-east, 
so as to pass under the red deposits of the great basin of Nijni Novogorod. In 
these bands, in which chert is no longer so abundant as in the central limestone, 
we did not perceive any Producti , the fossils being Euomphalus pentangulatus, Spi- 
rifer Mosquensis, with, an occasional Fusulina. 

As this limestone of Velicovo differs, somewhat, from all the bands we have 
hitherto described, lies upon the exterior of the great carboniferous masses, and is 
followed on the qast by newer deposits, we had no hesitation in considering it to be 
the superior member of the carboniferous limestone. We have already adverted to 
Fusulina limestone in the north (p. 7fi), and in pursuing our journey from Moscow 
to the east upon two lines of research, we met with this rock at one other locality 
only, viz. at the village of Schwetzi, north-west of Murom. Beyond this boundary, 
all the vast region exten^ng to the foot of the Ural Mountains is composed of the 
overlying depeftits which we have called Permian. To the south, however, after 
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86 


FUSULINA LIMESTONE OF THE LOWER VOLGA. 


dipping beneath the surface throughout large tracts, occupied sometimes by 
secondary and at other times by tertiary rocks, which we shall presently describe, 
this younger member of the carboniferous limestone reappears in great force on 
the right bank of the Volga, and occupies the splendid cliffs, 200 to 300 feet 
high, between Simbirsk and Samara, which give rise to that remarkable flexure in 
the course of this monarch of European streams, which is seen on every map of 


19 . 



Russia. 

At the mouth of the Ussa, and on the Volga, the beds are exposed in a fine ver- 
tical section in the following ascending order, and consist of — • 

a. Thick beds of grey sandy limestone with Orthis 
resupinata ? ; and a small species associated with Fu- 
sulinse. The vertical face of this lower stratum is 
afiected to a height of thirty feet by the action of the 
periodical vernal rise of the waters, the least solid por- 
tions being corroded, and other parts protruding in 
undulating depressions, and the whole polished and 
smoothed off, the highest water-mark line being very permanent'. 

b, c, d. White limestone of soft texture, and charged with myriads of the Fum- 
lim cylindrica, alternating with other beds of grey and yellowish colours, more or 
less compact, of scaly conchoidal fracture, in which Euomphalus pentangulatus 
and Orthis resupinata are occasionally detected, and round concretions of very pure 
flint are not unfrequent. Corals and Encrinites also occur, and among the former 
are species of Turbinolia, Cj athophyllum, Retepora, and Fenestella, which will be 
described in the Third Part of the work. In those parts of the cliff which have 
stood firm, the surface is covered by an ochreous coloured lichen, but whenever 
the opening of the fine symmetrical joints has given rise to the fall of large masses 
of the rock, the white and grey colours are well exposed 

e. Thinly laminated, almost papyraceous strata, with courses of a lithographic 
stone, much resembling that of Solenhofen, surmounted by bands of pure Fusulina 
limestone, from fifteen inches to four and five feet thick (Upper quarries). 

/ and g. Thin, rubbly limestones, with occasional Fusulinae and courses of chert, 
rise to the summit in a slope, and complete these sections of Fusulina rock, which 
is at least 200 feet thick. As other and higher hillocks rise to the back of thi§ 


* 'Hiis phsiiomenon is common throughout all those parts of Russia Wiere rocky cliffs are at hand to 
show the limits of the rise of water during the great floods of the spring. ^ 
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cliff, which, owing to tempestuous weather we were prevented from examining, it 
is probable J:hat the ascending series may be better traced by those who succeed 
us, and who may detect ^ passage into newer deposits. 

Pallas, with his usual perspicuity, notices this singular limestone of the Volga 
and speaks of the Fusulinae as small Madreporites resembling grains of wheat, but 
he gives no sections of the strata, nor could he in his day have spoken of their 
geological relations, for our science was then unknown.. There now seems no 
reason to doubt, that the Fusulina is a foraininifer, closely allied to the Alveolina 
(D’Orbigny), and as 'countless millions must have succeeded each other when 
these finely laminated strata were accumulated, we would now merely remark, that 
their method of conservation is a strong proof of the very tranquil condition of 
the sea in which they were deposited. 

The limestone we have been describing is capped in some parts of this remark- 
able promontory, particularly near Usolie', by a tufaceous agglomerate, made up in 
great part of the limestone itself, which is probably a part of the great Permian 
system, to be described as occupying large tracts east of the Volga, in the govern- 
ments of Kasan, Perm and Orenburg. In following, however, the river to Sysran, 
the Fusulina limestone is covered by dark-coloured Jurassic shale containing 
Ammonites. The sequence of the strata on the western side of this tract is, in 
fact, interrupted, and those members of the geological series which exist in some 
other parts of Russia, between the carboniferous limestone and the Jurassic 
system, are here absent, as at Moscow (see p. 80). 

In concluding our account of the carboniferous limestone of Northern and Cen- 
tral Russia, we may repeat, that we consider the Fusulina limestone to constitute 
its uppermost member, being invariably found near the southern and eastern 
frontier of the formation, where it is succeeded by rocks of the age of the Zech- 
stein (see Map). Thus in the northern tracts, extending from the south of Vitegra 
to the Dwina, Fusulinae have been noticed at Perkina and Filosofskaya, in the inte- 
rior at Velikovo, and upon the Ussa, as just described. Fischer has noticed 
these fossils in the government of Vladimir, we observed them in limestone to the 
north of Muqpm, and in the sequel we shall advert to them, both on the western 

* Usolie is the property of M. DavidolF, who has constructed a tower and pleasure-house on the summit 
of this tufiimeous rock, commanding extensive and splendid views of the windings of the Volga ; flanked 
on one side by the lofty cliffs of limestone, on which the tower of Peter *the Great is placed, and on the 
other by the low and wide expiChse which extends into the governments of Kazan and Orenburg. 

• N 2 
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flanks of the Ural and in the northern part of the great carboniferous district of 
the south of Russia. At both the last-mentioned localities they untjuestionably 
occur in the highest members of the carboniferous limestone. 

We shall now direct attention to the great carboniferous tracts of Southern and 
New Russia, between the Dnieper and the Don, where the strata are highly in- 
clined, and in a very difierent lithological condition from the rocks described in 
this chapter. 



CHAPTER VI. 


CARBONIFEROUS REGION BETWEEN THE DNIEPER AND THE DON •. 

Introduction.— fEximt and general Relations of the Tract. — Crystalline Rocks of 
the Southern Steppes. — Carboniferous Rocks described in an ascending order on the 
river Kalmiuss. — The same Section prolonged to the Upper Carboniferous strata 
North of Oorodofka. — Sections on the river Miuss and Krinka. — The Bituminous 
Coals of the Western and Northern Districts shown to be of the same age as the 
Anthracite on the South-west. — Anthracite of Popofskoe, and its value. — Sections on 
the Donetz. — Bituminous Coal-fields of the Northern Tracts. — Coals worked by the 
Peasantry on the tributaries of the Toretz. — Imperial Coal-works of Uspensk, and 
their relations to the Chalk. — Great Imperial Works of Lissitchia-Balka. — The Coal 
subordinate to the Central Member of the Carboniferous limestone.— Shown to be a 
purely Marine Formation. — Theory of the Origin of this Coal. — General relations 
and relative value of the different Coal tracts of the Southern Steppes. — Probable 
extension of valuable Coal-seams under the Cretaceous and surrounding Rocks . — 
Future Prospects, and Conclusion (see Map and PI. I. of coloured sections). 

Passing over, for the present, the undulating surface of secondary and ter- 
tiary rocks which occupy the central governments, we continue the subject of the 
carboniferous deposits, by calling attention to those tracts lying between the Dnieper 
and the Don, and watered by the Donetz, which constitute by far the richest coal 
district in the Russian empire. The portion of this country which contains rocks 
of the carboniferous aera, lies between 47^° and 49^° north latitude, and 36° and 
41-^° east longitude. The major ellipse of the chief mass extending from near the 
river Voltcbia* on the west-north-west, to the Kargalinsk, an eastern tributary of 
the Donetz on the east-south-east, has a length of about 230 English miles, and 
its greatest width from Karakuba on the south to the tracts around Bachmuth 


> (Generally known as the ^oal-field of the Donetz. 


'' Pronounced Voltshia. 
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OD the north, is upwards of 100 miles. Throughout this wide area all the rocks, 
with very slight exceptions, are of the carboniferous age, and they thps cover a 
surface of not less than 1 1 ,000 square miles. Occupying hiljs which have to some 
extent the character of low mountains, these rocks form a portion of the Upper 
Steppe, peopled by the Don Cossacks and New Russians. 

This tract, which in reference to the southern steppes may be called elevated, is 
bounded on the east by the river Donetz, a partially navigable stream, along the banks 
of which, or of its tributaries, the strata are frequently exposed. Other rivers, which 
have their sources in the higher part of tliis territory, also offer good natural trans- 
verse sections ; such are the Krinka, the Miuss, and the Kalmiuss, which flow 
southerly into the Sea of Azof ; the Toretz, the Bachmutha and smaller streams 
which run northwards, and eventually fall into the Donetz. We examined the 
banks of all these rivers, and also those of ‘the Voltchia, which, deflected by the 
granitic axis, flows northward and westward into the Dnieper, there to ascertain 
the western limits' of the field. We also made various traverses across the central 
and eastern portions, and visiting most of the localities W’here coal is paitially 
w'orked, and collecting many fossils, we hope to be enabled to give a definite idea 
of the general geological relations of the tract, and to point out an ascending order 
from the base of the Carboniferous system into the next overlying deposits. 

Though overlapped on their northern boundary by Permian, Jurassic, Cretaceous 
and tertiary deposits, which will be described in subsequent chapters, these car- 
boniferous rocks crop out again to the north, at points near Petrofskaya, and the 
real extent of country in that northern direction, in which they may form the chief 
substratum, is probably very considerable. 

To the south the carboniferous rocks are separated from the Sea of Azof by low 
hills, for the most part composed of tertiary deposits, and partially also by a narrow 
band of chalk (see Map). To the south-west they rest upon the eastern extre- 
mity of that vast mass of crystalline rocks, usually known under the name of the 
granitic steppe, which, extending from Volhynia and Podolia on the west-north- 
west, passes the Dnieper near Ekaterinoslaf, and disappears beneath the formations 
we are about to describe on the banks of the Kalmiuss. 

Axis of the South Granitic and Crystalline Rocks . — Before we proceed to describe 
the strata in an ascending order, we must say a few words upon the crystalline 
rocks which rise up from beneath this tract, and forming its axis, separate the 
Carboniferous districts from the Tertiary basin of the Sea of Azof and the Crimea. 
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In the sequel we shall necessarily advert to the general relations of this crystalline 
chain, the,direction of which is so exactly parallel to that of the Caucasus and the 
Crimea. In the present chapter, however, we shall confine ourselves to showing, 
that eruptions and elevations along the same line have powerfully affected the con- 
tiguous strata of the Kalmiuss and the Donetz. 

Stratified crystalline rocks are instructively displayed upon the banks of the 
rivers Voltchia and Kalmiuss. The former of these streams runs to the west of 
all the carboniferous strata. Along its banks to the south of Paulograd, and be- 
tween that town anJ Alexandrofsk, the rocks consist of varieties of felspathic and 
quartzose gneiss, passing into grey compact quartz, which alternates with very 
thin laminae of greenish talc, rarely micaceous. Some of these beds, a few versts 
east of the river, are so much charged with iron as to oxidize, or decompose into 
courses of hydrate of iron. Other lexers consist of yellowish, coarse-grained mica 
schist, with irregular grains of garnet, alternating with thin beds, two to three 
inches thick, of a highly granitoid gneiss, in which the flesh-coloured felspar is 
beautifully laminated with red-coloured quartz, mica, and traces of steatite. 

These variegated, crystalline rocks are very striking to those who have been long 
wandering amid the unconsolidated deposits of Central Russia. They occupy low 
hillocks only, and their prevalent direction is north-north-west and south-south-east. 
Their strike along the banks of the Voltchia is nearly parallel to the course of that 
stream, or about 15° west of north, whilst their ordinary dip is at a high angle to 
the east, and they are often vertical. This strike is, it will be observed, trans- 
verse to the main direction of the chain of the Donetz. For some distance to the 
east of the Voltchia these crystalline rocks are obscured by blown sand, and on 
this frontier it is difficult to mark their boundary, though by borings directed 
some years ago by Cplonel Olivieri, it would appear, that thin patches of poor coal 
set on, at intervals, a very little to the east of the river. 

The granitoid rocks of the Kalmiuss consist, chiefly, of flesh-coloured and pink 
felspar, often laminated wdth grains and crystals of dark-coloured quartz. These 
materials are sometimes so arranged as to approach to the character of graphic 
granite ; ottier parts resemble the coarser varieties of Cornish granite. 

But besides the granitic rocks of the Dnieper, the Voltchia and the Kalmiuss, 
other crystalline masses of very different characters advance to the Kalmiuss, and 
there pierce the gneiss and granite in dykes, at many places to the south of 
Karakuba and between that place and Sartana, just as the porphyries and elvans 
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traverse the granites and schists of Cornwall and Devon. Some of these ftre 
coarse syenitic greenstones, occasionally very hornblendic, others are .red, clay- 
stone porphyries. Red porphyry usurps, indeed, the whole surface in some lo- 
calities, particularly around the picturesque Greek colonies of Laaspe and Karan. 
It increases in importance and in variety of structure as you approach Karakuba 
from the south, near to which place there are many varieties of vein stones, 
jaspers, and altered strata. 

We have prefaced the account of the carboniferous deposits of the regions be- 
tween the Dnieper and the Don with this brief sketch of the crystalline and intru- 
sive rocks, which form the western and southern limits of the coal region, in 
order to give some idea of the masses, evidently crystallized at a very ancient 
period, on which the older sedimentary and carboniferous strata repose, and also 
of the agents by which the latter have been Ihrown into those inclined positions, 
breaks and undulations, which we are about to describe. The sections along the 
banks of the Kalmiuss clearly demonstrate, not only that the fundamental masses 
of this region are slaty granitic rocks, but also that they have been penetrated by 
intrusive matter, whilst the jaspers and altered strata prove that igneous ^eruptions 
have been continued along this line posterior to the carboniferous era. This last- 
mentioned phaenomenon is of theoretical importance, and, when coupled with 
the fact, that the numerous powerful flexures of the carboniferous strata, to which 
attention will speedily be called, are parallel to the great axis of crystalline and 
eruptive rocks, we can have no difiiculty in believing, that such high inclination 
and contortion owe their origin to the elevatory agency of this axis. 

Ascending Section of the Kalmiuss. Red Sandstone, Shale and Conglomerate. 
Great or Lower Carboniferous Limestone'. — From an inspection of many fossils 
brought to France from this region by M. Le Play, and showp to us by him in the 
spring of 1840, as well as from others examined in the Ecole des Mines at St. Pe- 
tersburgh, we had formed an opinion before we visited the south (which opinion 
Professor Eichwald also entertained), that the mountain or carboniferous limestone 
was greatly developed in this district, and that the coal was associated with that 
rock. So far, then, we entered this country with some previous knowledge of one 
of its main features, but from no one could we derive a settled idea of the base of 

■ Among Russian writers, Calonel Olivieri, General Kovalefski, and Captun Ivanitski have given > 
sketches of different parts of these carboniferons tracts in the ‘ Journal (}es Mines de Russie.’ — Vol. iii. 
p. 1 ; vol. iv. p. 3 ; and vol. vi. pp. 140, 136, 192. < 
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these deposits, from which we might develope a true ascending order. Whether 
we referred’to the Russian authors who had described the country, or toM. LePlay, 
who was preparing an &ccount of it, we were met on all sides with the statement, 
that, owing to the convolutions of the strata and the want of fixed mineral cha- 
racters, no regular order could be established. To geologists, therefore, who like 
ourselves were thrown into a new field, in which the succession of the beds was 
perfectly unknown to us, nothing could be more satisfactory than to find, in one 
of the first sections ^hich we made, a key to the whole order of this country, and 
by which we esfablished that the most ancient strata occupy the southern zone of 
this carboniferous region. 

Of Silurian or true Devonian rocks we could perceive no traces. Immediately, 
however, to the north of the crystalline rocks at Karakuba and on the right bank 
of the KalmiusS, we discovered a red sandstone and shale with some conglomerate, 
which is so loaded with fragments of porphyry, that it seems in parts almost to 
pass into that rock, upon which it may be said to rest *. 

The lower grounds and slopes are there occupied by these red strata, which are 
laid open fn ravines, and are distinctly overlaid by the carboniferous limestone at 
heights of 200 to 300 feet above the valley. 

As this undulating and diversified tract difiers essentially from the countries of 
Northern and Central Russia, in exhibiting within comparatively short distances 
both numecous flexures and the most decided changes in the succession of strata, 
we have illustrated it with the opposite plate of coloured sections (see PI. I. fig. 1 , 
and also the general section below the Map). 

In some of its lower beds this sandstone is argillaceous, of grey and green, as 
well as red colours, and towards its upper limits becomes more and more a con- 
glomerate ; the pebbles, varying from a small size to that of pears, consist chiefly 
of the felspathic and quartzose rocks before described, lumps of pink, felspar 
porphyry particularly abounding. The ascending section, as far as our short ex- 
amination enabled us to detect it, consists of greyish coarse grits and alternations of 
purplish red and green sandy shale, partly micaceous, with strong bands of greyish 
quartzose grit, in parts a pebble rock, with false bedding. Silicified or sandy casts 
of plants (apparently Stigmariae) occur in the uppermost of these strata. Red and 

' Through the kindness of General Tcheffkinc, who had in fact proviSed us with every document at 
the disposal of the Corps of Miifas which could throw light upon our inquiries, we were furnished with 
a map of this ^ct Cy Colonel Olivieri, on which this porphyry was laid down. 
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white felspathic quartzose conglomerate succeeds, covered by yellowish sandstone 
and shale with reddish and green shale. The whole of this red series is sur- 
mounted by carboniferous limestone of considerable thicKness and forming fine 
clifis, in which are several species of Producti. Among the fossils Colonel Oli- 
vieri assured us that he had found the large species (P. giganteus) so common to 
the lower band. In our very rapid examination, however, we detected only the 
Productus antiquatus, Spirifer glaber, and some corals. The whole of these strata 
dip to north-north-east at angles varying from 12° to 15°. 

The composition of the red beds, and their infraposition to what we considered 
to be the lowest mass of the carboniferous limestone, at first disposed us to con- 
sider them as the uppermost member of the Old Red Sandstone ; for by their 
position and aspect they seemed to be the exact equivalents of the Old Red Con- 
glomerate of the South Welsh coal-field, which occupies so well-defined a place 
throughout the Silurian region of England. This comparison may, after all, prove 
to be correct, and the Upper Red Conglomerate of South Wales, notwithstanding 
its colour, may eventually be classed with the carboniferous limestone, since it is 
by no means an easy task, even in England, to separate the Devonian from the 
Carboniferous system, particularly when fossils are absent and mineral character 
is our only guide. Judging, however, from the analogies of Northern Russia and 
the Moscow basin, where carboniferous plants and seams of coal unquestionably 
underlie every trace of limestone, and repose upon beds with true Devonian fishes, 
we are now disposed to group these red strata of Karakuba with the base of the 
Carboniferous system, the more so as the Stigmaria which we found in them 
seemed to be a species common to both. A visit which we made to the Berwick- 
shire coal-field, subsequent to our return to Great Britain, has further induced us 
to adopt this opinion ; for we there found a great thickness of red sandstone and 
shale with coal, the upper beds of w'hich only are interlaced with courses of car- 
boniferous limestone, and the lowest of which lie far beneath all traces of that 
limestone, the whole constituting one great, red-coloured coal-field of considerable 
value (containing seven workable seams), which clearly overlies the Old Red Sand- 
stone properly so called. We shall revert to this subject in our g^eral conclu- 
sions. In the mean time, whether coal-seams may or may not exist in the red 
rocks of Karakuba, it i; evident, that as they underlie the lowest mass of car- 
boniferous limestone, they offer a distinct base-line for fhe section which we now 
continue to describe in ascending order. 
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The chief and lower limestone of these southern steppes might, from its light 
grey colour, thickness and position be strictly compared with the great ‘‘ Scar 
limestone " of English 'geologists. After several undulations in hills to the north 
of Karakuba, it plunges under flagstones and grits with plants. At Bechef the 
latter are surmounted by shale and sandstone with plants and thin seams of coal, 
which are again overlapped by other strata, often undulating, but still on the 
whole inclining to the north. Among these are hard flagstones, of white, grey 
and light pinkish colours, the surfaces of which are occasionally discoloured by 
carbonaceous iflatter. These beds are followed by hard, greyish grits, and these 
again by thinnish courses of encrinite limestone. This series of beds is very 
analogous in lithological succession to the group which in Yorkshire, Cumber- 
land, Westmoreland, and other northern counties of England, overlies the great 
Scar limestoilh (limestone and shale of Sedgwick, Yoredale rocks of Phillips). 
The analogy is further borne out by the occasional outcrop of a thin seam of 
coal, no bed of which has yet been worked to profit. Sinkings, however, have 
been made both by Russian engineers and by M. Le Play, under the directions 
of M. Deihidoff', the results of which are not yet known to us. 

In proceeding to the north, the impure limestone and grits which overlie the 
low'er limestone, undulate, inclining on the whole to the north-north-east, and at 
Gorbatchofskaya, the strata dip steadily in that direction (see section, PI. I. fig. 1.). 
They consist in ascending order of yellow micaceous sandstone, with carbonaceous 
surfaces, much resembling the moorstone of the Yorkshire dales, and with it are 
associated flagstones, very similar to those which abound upon the banks of the 
Ure near Hawes, on the Tees above Barnard Castle, and at Brignal upon the 
Greta. As in those parts of England, the surfaces of the flags are also often co- 
vered with large serpwline bodies. These beds are followed by black shivery shale, 
greyish shale, and quartzose sandstone, above which appear masses of dark- 
coloured, bituminous encrinite limestone, the surfaces of which are distinguished 
by peculiar dbraUines, resembling branching sea-weeds, identical in form with an 
undescribed species, which we have seen in the limestones of this age near Howick 
in Northumberland and at Ingleborough in Yorkshire. This bed is succeeded, or 
rather it inosculates with a stronger grey limestone, the harder beds of which form 
distinct scars in the sides of the hills on the right bank qf the Kalmiuss, that river 
being here reduced to tl\p size of a brook. Though there are many undulations, 
the prevalent flip is to the north-north-east ; thus proving, both geometrically as 
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well as by the differences in the beds, that the ascent of the Kalmiuss from Kara- 
kttba exhibits on the whole an ascending section, or a passage from older to 
younger strata. 

In the limestone, near a spot called Mantrika, we detected the Spirifer glaber, 
Leptana Hardrensis (Phill.), Asaphus ghbiceps (Phill.), a small Terebratula, as 
well as some corallines. Coal is again visible, subordinate to a bed of schist, 
east of Gorbatshofskaya, at a spot called Gruskaya, on the south bank of the little 
river Yeskino, where it crops out in small brittle fragments oj good quality, and is 
overlaid by psammitic sandstone. At sixty versts to the east of this spot, as we 
were informed, coal has been regularly worked in thicker masses. 

In approaching the higher limits of the Kalmiuss, as we did in dry autumnal 
weather, a geologist might almost be led into an error, and suppose that the lime- 
stone series, of which he had seen so much, was at an end, and that he had at 
length reached the true equivalents of the coal-fields of Western Europe for the 
surface of the whole region is then densely covered with the finest black dust. 
At the period of our visit, this substance rose up everywhere from beneath the 
withered grass of the steppes, and looked exactly like the coal-dust near produc- 
tive collieries. This appearance was, however, entirely due to the desiccation of 
the superficial deposit called Tchornozem, or black earth', which covers this por- 
tion of the tract, as well as many other countries in Central and Southern Russia ; 
for wherever a depression and water-course afforded a natural opening, the strata 
were seen to consist of coaly sandstones, flagstones, coarse grits, and yellowish 
impure magnesian limestones (PI. I. fig. 1.), containing fossils of the carboniferous 
limestone. 

At Alexandrofsk, on the left bank of the stream, the only spot in this district 
where coal is worked by the government, the mineral is found to lie on sandstones 
and flagstones with “ coal-plants,” and is distinctly overlaid by a limestone charged 
with species of Productus, Spirifer, and the large Lithodendron, which is abundant in 
the mountain limestone of England and Ireland, the whole dippin^40'' north-north- 
east. The coal at Alexandrofsk is about seven feet thick, and is composed of a 
number of fine laminae of brittle, bituminous coal ’, somewhat light, easily de- 
structible, and rendered of less value by frequent thin films of pyritous matter. 

' Thu black earth will be described in the concluding chapters. 

* This coal has been partially transported to the Black Sea for the usesof the steamers of the Imperial 
fleet. 
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Lumps of pyrites are indeed seen, at intervals, in the coal itself. In some parts, 
however, it seemed to be of very good quality. 

These workings are'made by shallow shafts, the mouths of the highest of which 
are not 100 feet above the Kalmiuss, and the lowest not above seventy, with a 
shaft eighty-four feet deep, and hence the mines are occasionally stopped by the 
influx of water : for here, as in other parts of the carbonaceous region, steam- 
engines are unknown, and with the exceptions of the Imperial mines at Lissitchia- 
Balka and Uspensk (of which we shall treat hereafter), pits are never sunk, 
except in thostf situations where a natural drainage and open adits will keep them 
dry. 

Continuation of this Section through still higher strata on the North. — The high 
grounds to the north of Alexandrofsk, from whence the Kalmiuss flows to the 
south, and where the feeders of the Voltchia and the Dnieper are deflected to the 
west and south, constitute one of those broad domes of elevation, several of which 
occur in the eastern and northern portions of these coal tracts. If the section is 
prolonged directly to the north-north-east, or to the east of Bachrauth, other lines 
of elevatibn are met with, and beds of coal and limestone are repeated at localities 
(Jeleznoe, &c.), to which we shall hereafter refer ; but as we did not follow up these 
masses to their junction with superior strata, we prefer to complete, in the first in- 
stance, what we consider to be one continuous ascending section, by carrying our 
present line almost due north. Passing over, for the present, certain central mem- 
bers of the series with Spirifer Mosquensis, because in this line of section (near to 
Celidofka) they are either sterile in coal or little ex^yosed, and returning to their 
consideration in another transverse section upon the Toretz, where they are highly 
inclined and well known, it is sufficient for our present purpose to state, that re- 
posing upon the lov^er series of the Kalmiuss, these middle carboniferous rocks 
occupy a broad undulation, and dij)ping slightly to the north-north-east, are carried 
und^r reddish and white grits with red shale, which, occupying poor moorlands, 
slope down to Jhe large village of Goradofka (see PI. I. fig. 2.). The grits are 
there quarried for door-posts and troughs, and aflbrd an excellent, porous free- 
stone, of almost pure white colour, occasionally with a greenish tinge, in parts a 
conglomerate, in which the grains of quartz are cemented in a felspathic base. 
In this tract, where no trees are in existence, and where^ as nearly all over Russia, 
the great mass of the inhabitants live in wooden houses, this stone might be very 
largely employed for building purposes. This rock, dipping 12° to the north-east 
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and north-north-east, is covered by red, green, and greyish clays and shales, 
above which a thin seam of poor coal is seen outcropping; then folbwiother beds 
of dark grey shale, capped by a band of limestone, in which are observed Encri- 
nites. Corals, Productus, Euomphalus, and other characteristic fossils. Beds of 
shale, of blue and yellow colours, with some concretions of argillaceous ironstone, 
overlie the limestone, and are succeeded by a second thin seam of coal (six to nine 
inches), which is composed of hard and fine layers alternating with sooty laminae. 
The coal and shale are capped by a band of strong-bedded limestone, twelve to 
fifteen feet thick, in which is a small Trilobitc resembling Aseiphus globiceps 
(Phillips). We here also found several Fusulinae, fossils which, as before said, we 
never observed in any part of Russia in the lower members of the carboniferous 
limestone. 

The advantage of having made a section from Karakuba to Goradofka is thus 
evident, for we thereby learn that the Fusulinae occur in beds superior to the 
middle limestone with Spirifer Mosquensis, and hence the position w’e had assigned 
to the rock containing these fossils upon the Kliasma and the Volga is esta- 
blished. 

Pursuing this section still further, in ascending order, viz. to the north-west of 
Bachmuth (PI. I. fig. 3.), this upper limestone is conformably overlaid by a consi- 
derable thickness of shale of different colours, with nodules of impure argillaceous 
iron-ore and some brownish micaceous ironstone, sandstones, and flagstones with 
concretions, all of which range in very slightly inclined beds (observable only in 
ravines and water-courses) up to the post-station of Marchinsk, on the road from 
Bachmuth to Ekaterinoslaf. To the north these uppermost beds of the carboni- 
ferous series are overlapped by the chalk. 

We have described this section from Karakuba on the south, to Goradofka and 
Marchinsk on the north, because it affords a good explanation of the order of the 
carboniferous deposits, and also proves that certain red rocks, which from their 
lithological characters have been referred to other deposits, ^ unquestionably 
form an integral part of the Carboniferous system. We shall have occasion to 
recur to this point in establishing the age of the red rocks near th» sources of 
the Bachmutha river (Gossuderaya-buyerak, &c.), which have been described as 
the Rothe-todte-liegende ;^and eventually it will be made manifest, that another 
red formation, consisting of limestone, marl, gypsum and mnglomerate, which oc- 
cupies the vale of Bachmuth and overlies all the carboniferous strataf is not, as has 
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been supposed, the Keuper or mames irisiea^ but is the equivalent of the Zechstein, 
and represents the great Russian deposits which we have grouped under the name 
of the “ Permian Sysfem.” (See Chaps. VIII. and IX.) 

Country watered by the rivers Krinha and Miuss . — Before we continue the de- 
scription of the north-eastern and most productive coal tracts, we may offer a 
general sketch of the southern districts watered by the Krinka and the Miuss, and 
also say a few words upon the anthracitic region. 

In passing from the riwr Kalmiuss on the west, to the valley of the Krinka on the east, the great calcareous 
masses which form file base of the whole carboniferous tract disappear, both by thinning out and probably also 
by great dexures, which carry them beneath a highly inclined and contorted group of sandstone and schist. On 
the little river Cinka Kalinova the carboniferous rocks arc overlaid by the chalk, and near this junction is an elevated 
hilly steppe made up chicHy of reddish and grey micaceous sandstone, occasionally schistose, and charged with 
many impressions of Calamites and other plants. The beds are much contorted, but their chief direction is west 
and by north, ea^ and by south. Their inclination, which is usually very great, sometimes vertical, is for the 
most part to the north-east ; but as there are many folds, the southerly dip is occasionally apparent. In our 
journey along the banks of the river Krinka, we met with many natural sections of sandstone and shale, the latter 
being mostly in the valleys, and the former occupying terraces, as above the village of A*rtemef ka, where three of 
these terraces, stretching from east to west, are composed of hard gritty sandstone with plants and quartz veins, 
and separated by bands of shale. 

In one spdt north of Artemefka the usual strike of the strata is reversed to the north and by west, the dip 
being to the west. The same phaenomenon is repeated at Kuteinikof, the inhabitants of which village informed 
us that traces of coal had been found a little to the south-east ; but the only natural outcrop of the mineral (and 
it was of worthless quality) which we obseived was at Sniefka, where the valley of the Krinka is very deep, 
and the rocks consist of coarse-grained grit and shale. In approaching the valley of the river Miuss and in the 
neighbourhood of the village of Orlova, a thin band of dark-coloured limestone occurs, having a thickness of four 
feet only, and no fossils : strike west 20° north of west, and dipping to the north east ; and the same limestone is 
again met with in the plateau near the village of Grabovaya. 

In the valley of the Miuss, at Grabovaya, flagstones alternate with shale, the direction of which is west-north- 
west by east-south-east, and the dip north -north-east at 50°; and on descending the river to Novo-pavlofka the 
same beds reappear under similar conditions, and with the exception of a thin band of limestone on the height 
near that place, flagstones and shales, having very variable directions, occupy all this valley even to the village of 
Demctriefka. Limestone reoccurs, however, at twelve versts south of the village of Ivanofka, and also at about an 
equal distance to the north <Jf that place, the black compact limestone, apparently not differing from that before 
alluded to, contains small Spirifers and Enennites. This portion of the tract is conterminous with the coal-bearing 
district of Krasnoi-kut which we shall presently describe. 

Making wery allowance for contortion and repetition of the same strata, we still 
believe that the group of rocks on the Krinka and the Miuss is of considerable thick- 
ness, and that it represents those lower members of the series upon the Kalmiuss 
which we have described, and in which much more calcareous matter is developed. 
In fact, we have only to follow any one of the zones, upon the strike ot the strata, 
from the tracts in which limestone abounds, and we find the calcareous matter 

* See Ivanitzki^B * Journal des Mines de Russie,' vol, vi. p. 192, 
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tbioning out towards the east ; and with this alteration a great decrease in the 
amount of carbonaceous matter is also observed, the bituminous coal disappearing, 
and its place being eventually taken by pure anthracite. 

Relation of the Anthracite to the Bituminous Coal . — From what we have just said, 
the reader will perceive, that this region is divided into anthracitic and bituminous 
coal-fields. Owing to the prevalent strike of the beds from west-north-west to 
east-south-east, it is obvious, that notwithstanding considerable flexures and varia- 
tions in lithological structure, the same groups of strata we have been describing 
are continuous eastwards to the Donetz. Thus the anthracitic Yocks without 
limestone to the north of Novo Tcherkask, and the schists with some thin courses 
of limestone on the Donetz, are the equivalents of the shale, sandstone, and bitu- 
minous coal with limestone, to which we have already alluded. 

This phaenomenon is analogous to that whicR exists in the South Wrish coal-field, 
where at one extremity of the tract anthracitic coal prevails almost exclusively, in 
beds of precisely the same age as those wdiich bear bituminous coal at a little 
distance to the east. In the Russian example, indeed, we see the mineral cha- 
racter of the coal-beds change gradually as w’e follow them from west to >5ast. In 
the districts intermediate between the western or bituminous tracts, and those 
containing pure anthracite, the combustible is frequently in that intermediate 
condition to which mineralogists would have a difficulty in applying one decisive 
name, as it is made up of both bituminous and anthracitic materials. The line of 
demarcation between the anthracitic and ordinary bituminous coals of commerce 
being arbitrary, all combustible matter which partakes of the two characters 
must remain without a common descriptive term. We leave it to M. Le Play, 
Capt. Ivanitzki, and others who have analysed these coals from many localities, 
to state the shades of chemical distinction by which each vjyiety is found to be 
more or less useful to the metallurgist and engineer ; our object is simply to 
record the geological relations of the masses. We content ourselves, therefore, 
with stating, that in proceeding from the north and by west to the soythbnd by east, 
or through the hilly steppes to the north of Novo Tcherkask, the limestones thin 
out to insignificant bands, the sandstones and shales become hard,* and with 
these changes, the coal-seams, becoming gradually less bituminous, assume in their 
western extremities all thg characters of pure anthracite. However unwilling to 
blend too much theory with our positive geology, w^e canno^ refrain from adverting 
to the remarkable coincidence between the line of anthracitic coal End the cry- 
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gtalline axis of the southern steppes, and from suggesting, that in their subterranean 
prolongation, the igneous rocks there rising near to the surface, may have con- 
verted the supeijacent* ordinary coal into anthracite, and have indurated the asso- 
ciated grits, sandstones and schists. 

Kraanoi-Kut . — Of the coal of intermediate quality, to which we have alluded, 
we would cite the beds which outcrop and are worked in horizontal galleries on the 
slopes of the hills near Krasnoi-Kut, the residence of General Papkoff, and south 
of the post-station of Ivanofka. Here we examined two beds of coal (PI. I. fig. 4.), 
the one included between two thick bands of shale and overlaid by dark limestone 
with Chatetes radians, Encrinites, and the undescribed branching coral of the English 
mountain limestone before alluded to (p. 93), the other resting upon sandy schist 
with plants, surmounted by yellowish, thick-bedded sandstone and then by encrinital 
limestone, undulating at slight inclinations of about 10°. These coals, occurring 
in beds three feet and three and a half feet thick, are readily extracted in the mines 
of General Papkoflf, and have been employed in working a steam-engine used in 
manufactories which he has established *. They are excellent seams for their 
dimensions, many parts of the coal being undistinguishable from iridescent 
British varieties. Coal of similar quality has been observed outcropping in several 
places in the same neighbourhood. In following these bands to the east, they 
are found to lose their bituminous properties as they approach the Donetz, and 
to become more anthracitic. 

Anthracite of Popofskoe . — The most important works of anthracite in this region 
are those on the rivulet Grujefka, near the hamlet of Popofskoe, thirty versts north 
of Novo Tcherkask,*to which place and to the neighbouring rivers Don and Donetz 
the coal is conveyed in the light carts of the country. It is, in fact, already the 
fuel used to some extent in the towns of Novo Tcherkask, RostofF and other places 
on the Sea of Azof, where his Excellency Count M. Woronzow, Governor-general 
of these provinces, has encouraged the natives to abandon the use of wood, which 
is extremely •dear, and to construct fire-places for the use of this superior sub- 
stitute. 

Two seams (as shown in PI. I. fig. 5.) are exposed on the left bank of a small 
stream, above whose banks they are seen to crop out on the sides of low hills. A 
brownish, micaceous gritty sandstone, having the characters of many ordinary coal 
strata, and dipping to the north at about 15°, forms the principal substratum, and 
‘ ‘ Jounial des Mines de Russie/ vol. vi. p. 140 ct seq. 
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rises on its escarpment side into rocky eminences. The lower coal, in all from two 
and a half to three feet thick, is made up of very thin courses, most of which con- 
sisting of hard and pure anthracite, are subordinate to Rnctuous shale. It is 
chiefly worked by galleries, in which the poor Cossack miners have followed it to 
short distances from its natural outcrop on the sides of the brooks. A roof of schist, 
of about fifty feet in thickness, separates the lower from the higher coal, which is 
less thick, but of equally good quality, and when we visited the locality, was reached 
by shallow shafts from the surface of the hill ‘. From the gentle inclination of the 
beds and the height of the ground, drainage may indeed be effdcted to a great 
extent without recourse to steam-engines ; but the use of the latter and the sinking 
of shafts might, doubtless, open out the mineral to greater advantage. 

Sections on and near the Donetz . — Approaching this coal country as we did from 
the eastern steppes of the Kalmucks, we were at once made acquainted with the 
powerful convulsjons to which it had been subjected, by examining the natural 
sections which are exposed on the right bank of the Donetz above the station of 
Donetzkaya. Seams of coal and anthracite are seen at intervals in highly dislo- 
cated positions at several places, viz. at Nijni and Verkni, Kundriutchefekaya, and 
on the river Kundriutshia which falls into the Donetzkaya. The relations of the 
black schists, impure limestones, flagstones, grits and coal along a portion of these 
streams, are explained in PI. I. fig. 6. 

Whilst the violent dislocations and high inclination of the strata render it un- 
likely that coal can be worked to much profit in this neighbourhood, its inhabit- 
ants have an agreeable compensation in their fine climate and fertile soil ; the 
vine, pomegranate and water-melon being as abundant and fine-flavoured in this 
corner of the Russian coal-field as in Italy. 

To the east of the embouchure of the Donetz, and indeqd to some extent up 
that stream, the carboniferous strata are obscured by much blown sand. We 
conceive, however, that the formation ranges on the south-west up to the river 
Kargalinsk, because we there observed brown, grey and ferrugjnofis sandstones 

■ The details of the working of these mines, as well as of the quality of the anthraoite, are given by 
Captain Ivanitzki in the sixth volume of the ‘ .Journal of the Imperial Mines.’ Upon visiting the Zavod 
of Lugan, we became aware of the superiority of this anthracite overall the other coals of this territory, 
whether in forging iron or in the production of steam ; facts which were ascertained through trials 
tuted by order of General Tcbeffkine. The reader will find these points clearly explained by Captain 
Ivanitzki . — Journal de$ Mines, vol. v. , , 
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with schists, which, though covered with much detritus and clay, seemed to belong 
to the carbonaceous tract. 

In briefly describing-the country watered by the Krinka, we have said that amid 
numerous steep anticlinal flexures the northerly dip prevailed on the whole con- 
siderably over that to the south. This phaenomenon, general throughout the an- 
thracitic region, and to which we have adverted in the sections (PI. I. figs. 1 & 2), 
convinced us, that the whole of this anthracitic mass was carried under the more 
productive coal tracts of the north-east, to which we shall presently direct atten- 
tion. In ascending the Donetz to the villages of Gundrof&kaya and Kamenskaya, we 
met with other anticlinal ridges and synclinal troughs parallel to the general direc- 
tion of the region, and with dips both to the south and north ; but here the alter- 
nating grits are charged wdth Stigmaria, and the coal-seams are subordinate to 
mural masses*and stony beds of limeStone, the whole offering a great resemblance 
to the productive coal tract around Uspensk, which we shall soon describe. Thus 
in a ravine eight versts from Gundrofskaya, where the strike is west and by north, 
east and by south, and the dip 34° southerly, we met with a thin bed of coal sub- 
ordinate to sandstone, with Stigmaria and some clunch-like beds, the lower strata 
exhibiting three courses of limestone, with sandstone, grit, shale, ironstone concre- 
tions, and a second layer of coal : an anticUnal line succeeds, and similar strata are 
repeated. 

Near the village of Isvorin, in the valley of the Kameuka, the structure of the 
country is no longer the same as that of Gundrofskaya ; and instead of mural cal- 
careous masses, the crests of the ridges are composed of sandstones, black shale, 
schists, and hard grits, the latter forming terraces like those upon the banks of the 
Krinka ; thus showing, that owing to great undulations, the same groups are re- 
peated upon different parallels. 

Without detailing minute sections, which would only embarrass the general 
reader, we may assert, that on the whole, the survey of the south-eastern portion ol 
this coal tract proves, that the strata gather in ascending order from south to north, 
the country being composed on the whole in ascending order of — 

Ist. Sandstones and schists, with plants, forming high steppes and plateaus, 
with some limestone and anthracite. The grits become harder and more 
powerful to the north, and then constitute remarkable terraces, and give 
a more varied outline to the country. 

p 2 
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2nd. Limestone, sandstone, shale, and bituminous coal. It is this member 
which is so much developed in the north-eastern corner of the coal re- 
gion, and in which coal is so largely worked at Lissitchia-Balka. 

Coal-fields in the Northern Tracts . — ^The section of the Kalmiuss having taught 
us the order of the strata, and a survey of the banks of the Krinka, Miuss and 
Donetz having induced us to surmise, that no very productive coal-seams are yet 
known in the southern or older zone (with the exception of certain beds of anthra- 
cite), we now proceed to describe, first, some other localities which we visited to 
the south and south-east of Bachmuth, next the more productive mines of Uspensk, 
east of the foundry of Lugan, and lastly those of Lissitchia-Balka on the Donetz, 
in all of which places coal is worked. 

On the right bank of the larger of the two small rivers called the Toretz, coal 
is extracted by the natives for their own use at several localities. • To the east 
of this stream the country rises in dome-shaped hills, attaining to several hundred 
feet of elevation, which are in great part composed of red, white, grey, and olive- 
coloured sandstones and grits. Some of these grits, indeed, seem to rise up from 
beneath the coal-seams to form the plateaus of Gosudarev-Buyerak,’ &c., and 
others are seen to fold over to the north, and pass upwards into thin bands of 
carboniferous limestone, loaded with Producti and Encrinites, or rather the lime- 
stones are included in a great development of sandstone. There is, however, a 
large expanse of pure white and red sandstone between Zemliaka and Scotovaitova, 
which, like the strata to the south of Goradofka, we have little doubt belongs 
to the same portion of the Carboniferous system (Upper Limestone series). At 
Scotovaitova, where the village is built of white grit, the ascending section from 
the valley of the Krivoi-Toretz up the sides of the hills offered, — Ist. Hard greyish 
and yellow mottled sandstones. 2nd. White grits. 3rd. Flagstones. 4th. Deep 
red, micaceous, earthy sandstone, passing into shale. On the whole, this sand- 
stone group reminded us more of certain white and red grits which underlie some 
of our English coal-fields, as in the Forest of Wyre, Salop, and.alcftig the North 
Welsh border at Oswestry, than any other rocks with which we could compare 
them. Wherever they contained no coal plants, and were in juxtaposition to the 
new red sandstone, such strata, even in England, were formerly classed with that 
formation, at a time when mere colour and mineral characters prevailed over other 
considerations. In a sketch by Captain Ivanitzki of this portion of the country. 
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these deposits are considered to be the equivalents of the Rothe-todte-liegende, 
but we are not of this opinion, because we know, that in the regular ascending 
order as previously described (p. 95.), red sandstones pass under and alternate 
with beds of carboniferous limestone, and that the highest beds of the system, 
consisting of black shale and ferruginous sandstone of very dissimilar composi- 
tion, are not surmounted by any such strata. The whole of the seams of coal 
which occur at intervals throughout this district are invariably interlaced with 
calcareous courses, which are charged with the fossils of the mountain limestone ; 
and as such fossils are seen at intervals throughout the whole series, we consider 
(subject always to corrections resulting from more detailed survey) that all these 
grits and sandstones, whatever may be their colour, are subordinate to the carbo- 
niferous limestone. Such, at all events, are the whetstones, flagstones and grits 
which repose* upon and alternate with thin courses of limestone between Gosu- 
darev-Buyerak and the great road from Novo Tcherkask to Bachmuth, and which 
constitute a plateau, with anthracite and coal-seams in the valley on either side 
of it. Nor do we see how any of the red rocks in question can be separated from 
the same ^roup (see PI. I. fig. 7.). 

Coal-mines of Jeleznoe or Nikitofka ^. — On the east bank of the Toretz lies the 
village of Jeleznoe, deriving its name from a little stream, the Jeleznaia, and 
distinguished, like some other places in those tracts, by numerous remains of the 
idols of the Aborigines, carved out of the stronger and coarser grits previously 
described. Ascending by the Jeleznaia, we were conducted to the chief coal- 
works of the villagers, situated at a height of perhaps 300 or 400 feet above 
the adjacent valley, and about seven versts from the village, on the western slope 
of the round-backed plateau or steppe which intervenes between Jeleznoe and 
Gosudarev-Buyerak ., 

The strata being here considerably inclined (from 40° to 80°), a succession of 
coal-seams and shale is exposed, alternating with hard bands of grit, sandstone 
and limestonfe, E(p represented in the section (PI. I. tig. 8.). 

In descending from the plateau to the west and south, the lowest strata, which 
occupy indeed the largest surface of these upper steppes or moorlands, are seen to 
consist of hard, grey, gritty sandstones, weathering to a rusty colour, and very 
much resembling the moor-stones of the west of Durham^, the Yorkshire Dales and 

' A correct and minute description of these coal-mines will be found in the memoir of Capt. Ivan- 
itzki. We merely describe what we saw at one spot and at a period when the works were abandoned. 
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West Northumberland. The lowest beds are about two feet three inches thick, 
the second and third seams about three feet each ; these are separated by clunch, 
clay and shale, and a little sandstone. The fourth seam is about two feet four 
inches thick, and is surmounted by a coarse, pebbly grit. This is followed by 
an impure grey limestone, containing Encrini and Producti, alternating with grit 
and sandstone, which is succeeded by another band of limestone, in which we found 
a few Fusulinse, and a great thickness of shale, the latter being capped by a ledge 
of coarse, pebbly sandstone, forming the roof of the sixth or uppermost coal ob- 
servable in this section. 

By pacing across the strata from the lowest, which are exposed on the high 
ground, to the uppermost ledge which rises from the bank of the Jeleznaia, our 
rough estimate gave a thickness of about 1200 yards, in which space the hard 
rocks form little ridges, slightly protruding through the slopes of long grass, the 
shales having been worn into depressions. The strike of the beds is from west- 
north-west to east-south-east, and the dip to the south-south-west, the angle in- 
creasing gradually from 40° near the rivulet, to 55° and 80° as you ascend the hill 
to the last bed worked, is marked by piles of coal recently extracted. The upper- 
most coal is the best and most solid, but as it lies in the lowest position, the 
peasants have not been able to follow it in their rude works, on account of the 
influx of water. 

The best and hardest beds, or those upon the dip, having soon plunged beyond 
the reach of the natives, who employ neither engines nor adits to dry their shallow 
mines, (in this country, indeed, they can with difficulty obtain sufficient wood 
even to support the roofs,) the two lowest seams only have been latterly worked in 
this locality. The same beds are explored by the peasantry in other localities 
(which we did not visit), whenever a favourable outcrop teippts them to employ 
their spare hours in thus procuring fuel*. Though most of the coal lying at the 
mounds was of the broken and small character which in the English northern 
coal-fields would be consumed for steam, or sold for waste, we ,^iad little doubt, 
judging from a few of the fragments, that, by deep works and an improved system 
of mining, better coal might be obtained, although it is improbable thtrt such thick 
masses of the mineral will ever be discovered in this tract, as have been pro- 

• 

^ At the period of our viait (September), the harvest and autumnal souring having been long finished, 
the peasants were employing their spare teams of oxen in transporting coal from the adjacent pits. 
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cured in the very productive north-eastern angle of the field, with an account of 
which we shall terminate our observations. 

Imperial Coal-worka of Uspemk. — Having, we conceive, sufiiciently explained 
our general views concerning the districts in which coal has been a little worked, 
it does not accord with our object to enter into details, or to cite many localities 
where the outcrop of the mineral is known, all of which we leave to Russian engi- 
neers. We, therefore, proceed to describe the north-eastern angle of this coal 
tract, to which the attention of the Imperial Government has been most directed, 
because it has afforded the greatest quantity and best quality of fuel. This coal is 
not only used in the adjacent foundries of Lugan, but is transported by the river 
Donetz (navigable in the spring and early summer season) to the mouth of the 
Don and Sea of Azof. 

In the same manner as upon the Cower Donetz and the Krinka, where we first 
noticed the existence of anticlinal and synclinal lines, the whole of the northern 
districts may be said to be split up upon numerous lines of dislocation, trending 
for the most part from west-north-west to east-south-east, and often producing 
great folds and repetitions in the strata. 

Thus, in passing from south to north over dome-shaped masses of grit, to which 
we have before adverted as lying to the north of Ivanofka, and in which hard 
grey grits and sandstones are sometimes prevalent, the observer who descends into 
the valley of the little river Alkovaia is struck with the violent breaks and highly 
inclined positions of the strata. 

It was the natural outcrop of beds of good coal on the northern sides of this 
valley which originally induced the Russians to establish works here, the first 
shafts having been sunk about forty years ago by the Scottish miner Gascoigne, 
whose name has acquired a permanent place in Russian history, as having explored 
some of their earliest sites of iron-ore and coal, and established many of their 
great iron-foundries. Employing a small company of his countrymen, Gascoigne 
first opened ‘the coal-pits of Uspensk, of which we are now speaking, and next 
those of Lissitchia-Balka, to be described in the sequel ; and though no English 
workman naw remains, it is worthy of remark that the insular names of main, splent, 
cherry, &c., by which the different seams were first distinguished, from their re- 
semblance to certain English coals, are still preserved, and now form part of the 
vocabulary of the Russian miners. 

At Uspensk, which is situated to the east of the foundries of Lugan, eleven 



108 


IMPERIAL COAL WORKS OF LISSITCHIA-BALKA. 


seams of coal are_ known, but of these only three are now worked, viz. from four- 
teen inches to three feet thick each, the remainder being thin, impure .and profit- 
less. These beds are subordinate to grits, schists and limestones, and among the 
fossils of the latter we perceived both the Spirifer Mosquensis and the Cheetetes 
radians, thus proving beyond a doubt that the coal is included in the central mem- 
ber of the carboniferous limestone, and superior to the rocks of the Lower Donetz 
and Krinka, and to the great limestone of Karakuba. The prevailing strike is east 
and by south, west and by north, and the dip is usually to the north and by east, 
at very high angles, viz. 50° to 60°. Some of the seams of coal 4.hin out, when 
followed downwards to a depth of thirty fathoms, in the same way as has been 
observed in the coal-field of Coalbrook Dale, where such wedging-out is termed a 
“ Simon fault ” ’. In general the roofs of the coal are grits and sandstones, and 
their floors are composed of shale ; but in ond instance the roof is a bed of Spirifer 
and Encrinite limestone, and in another a clunch or clay. Many plants occur, 
chiefly in the schist and clunch, and among them are numerous Ferns as well as 
Stigmarise. The coal of ITspensk being extracted on the sides of the hills high 
above the line of drainage of the country, no steam-engines have been yet em- 
ployed ; but when we w'ere there, the difficulties having increased with the greater 
depth, a small twelve-horse power machine had been prepared to obviate them. This 
coal is somewhat of that mixed nature to which we have before alluded, being very 
far from a pure bituminous coal ; and although it gives little or no flame or smoke 
compared with that of Lissitchia-Balka (the great mine of the region), it is very 
useful in forging iron, and contains so much of bitumen as to set well and coagu- 
late when heated. 

The natural sections presented by the hills on the north of the Alkovaia, between 
Uspensk and Lugan, are singularly instructive in presenting a succession of highly 
inclined strata of the Carboniferous system, one of the depressions between the 
ridges being filled with a small basin of chalk which is unconformable, as ex- 
pressed in PI. I. fig. 10 ; and finally, the carboniferous sandstones •subsiding in 
their progress to the north, are covered by the vast and thick development of chalk 
in which the Lugan iron-foundries are placed. • 

’ See the memoir of Mr. Prestwich on the coal-field of Coalbrook Dale (Geol. Trans, vol. v. p. 413.), 
one of the most valuable pictures of the underground relations of a highly cQmplicated coal-field which 
has ever been communicated to the public. A brief account of this field is also given in the " Silurian 
System ” of Mr. Murchison, p. 99. ^ 
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Imperial Coal-works of lAssitchia-Balka . — A long and narrow promontory, 
subtended by the Dohetz, and extending to Privolnoe on the north-north-west, is 
composed of carbonaceous masses, the chief strike of which is in that direction, 
and therefore oblique to the prevalent bearing of the other masses which have been 
described (see Map). At Verknie, to the north of the great iron-foundries or 
Zavod of Lugan, the carboniferous strata emerge from beneath the cretaceous 
deposits, the relations of which will be hereafter described. Upcasts, similar 
indeed to those displayed near Uspensk, are exhibited in ascending the Donetz, 
and they constitute the nucleus of the hills on the right or west bank of that river. 
The existence of coals has been proved at three or four localities, but the site 
where the best seams were formerly discovered by Mr. Gascoigne, and where he 
commenced the chief Imperial works, is at a spot called Lissitchia-Balka, or 
“ Fox Dingle, V near the end of the promontory alluded to. Deep ravines which 
open out into the valley of the Donetz had here laid bare those natural outcrops 
of coal, which led to the present extended works. This spot, about thirty versts 
north-east of Bachmuth, is now the centre of a flourishing establishment, producing 
a considerable quantity of coal, the greater part of which is used in the manufac- 
ture of iron at the forges of Lugan. 

The works at this place have shown that the strata fold round, to some extent, 
in the form of a dome of elevation, dipping to the east, south and west, but the 
present levels are driven upon the easterly dip or towards the river Donetz, to 
which they incline at about 18”. A ravine, however, which opens out to the north, 
exposes the beds in very highly inclined positions with a disturbed strike, in parts 
vertical, and the dip even quite reversed. Ascending from the river banks by 
this ravine, we saw in succession highly inclined beds of limestone, clunch, sand- 
stone and coal, each pf which were well known to the superintendent who ac- 
companied us, as being identical with some of those which are explored in the 
works beneath and on the regular dip. 

Including smal| and profitless layers, not less than thirteen seams of coal are 
passed through in the shafts at Lissitchia-Balka, seven of which are extracted for 
use ; the greater part of the coal is of fair quality, and some exceedingly good. 
The larger portion may be called bituminous coal, as it cements together in the fire, 
gives much flame and smoke, and serves for reverberating; furnaces. Argillaceous 
schist and slate clay (clunch and clod) abound in great thicknesses, and although 
some of the beis contain small nodules of argillaceous iron-ore, with a septarian 

Q 
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structure, it does not appear that these concretions are numerous enough to in- 
duce the Russian miners to use them. All the best iron manufactured in the 
Imperial Zavods is brought from the Ural chain and its flanks In order to dry 
the upper portion of these mines, a noble adit, nearly seven feet high, resembling 
in its dimensions one of the ancient mining conduits of the Romans, is now nearly 
completed, and we ascended it from its outlet at the mouth of one of the chief ra- 
vines, examining the bands of sandstone and shale along the sides. Anxious to 
explore still lower strata than those which will be drained^ by this adit. General 
TcheflTkine has resolved to sink yet deeper shafts, and then to dry* the lower mines 
by a steam-engine, which was almost finished when we left the place. 

The fossil contents of the limestone which alternate with these coal-seams, prove 
most clearly that the whole occur upon the same geological horizon as those which 
are the most productive of coal throughout 'the other parts of this region, viz. the 
middle carboniferous or Moscow limestone ; for the engineers had collected a suite 
of the fossils characterizing each stratum, to illustrate a carefully drawn vertical 
section prepared by them, of which the opposite woodcut is a reduced copy . 

We thus had the means of naming each species on the spot, and in presence of the 
persons who had actually seen it in its place in the coal-shafts, and this scrutiny 
convinced us, that the whole of the great mass here passed through is the repre- 
sentative of the central or Moscow limestone. The Spirifer Mosquensis, for example, 
so characteristic of that zone, and which we have never found associated with the 
Productus giganteus of the lowest limestone, here ranges from one of the upper 
beds of limestone to the very lowest calcareous bed of the annexed list. The 
Productus antiquatus, so characteristic of the mountain limestone of Britain, and 
indeed of Western Europe generally, is found in the uppermost fossil beds, where 
it is associated with an Orthis and the small Trilobite Otarion Eichwaldi (Fisch.), 
and again the same characteristic fossil occurs in argillaceous beds above the main 
coal, where it is accompanied by a small Productus, Orthis, Bellerophon, Turritella, 

• 

* The profusion of fine magnetic iron-ore in the Ural Mountains, and the imnfense quantities of the 
]es8 valuable hydrate of iron which is spread out at intervals near the surface in the low countries of 
Russia, render it almost useless for the miner yet to think of working clay-iron ores, ^ven though they 
occur, like those of Lissitchia-Balka, in association with coal and limestone. 

2 The opposite detailed section of the strata furnished to us by the Russian miners, was prepared by 
order of the Imperial Administration of Mines, whose intentions were completely carried out through the 
agency of Colonel Bethman, the director of the Zavod of Lugan, and mining chief of this country, with 
the aid of our friend Major Teploff, and the director of the coal-mines Captain SmimoiF. 
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Pecten and Nautilus. In the limestone and slate-clay above the splent coal, the 
Spirifer Mosquensis is again seen, associated with a Pecten, a Betepora and other 
flexible Polypifers ; and lastly, in the limestone overlying* the lowest coal, this 
shell is again found, together with the Euomphalus Baeri, n. s. (Eichw.). 

Of the plants we have not the means of speaking with the same precision, not 
having brought away good specimens ; but we are certain that many of the forms 
of Equiseti, Calamites, Sigillaria and Ferns which we saw are identical with species 
common to the coal formations of Western Europe. 

The section of Lissitchia-Balka proves to us, that in a vertical depth of near 
900 English feet, the united thickness of the coal-seams is upwards of thirty feet ; 
of the limestones, near fifty ; of the grits and sandstones, above 200 ; whilst the 
argillaceous beds, which vary in quality from the clunch to the clod of the miners 
(or slate-clay, schist, shale of the mineralogist), amount to near 600 feet. 

These lithological statistics are of theoretical as well as of practical value, for 
they enable us to speculate on the conditions under which the coal was accumu- 
lated, whilst they teach us how, with varying lithological and organic contents, 
the same beds, in different parts of the globe, assume such very different aspects. 
Seeing the argillaceous schists, shale, sandstone and grit, which here alternate 
with the coal, and the frequency and dimensions of the coal-seams, any practical 
collier from the best- worked tracts, even of the British Isles, who had not studied 
fossil remains, might be convinced that these shafts were sunk in the coal- 
measures, the “ Terrain Houiller ” of the French ; and still more closely would he 
cling to this belief, when he saw that the forms of the plants were identical with 
those to w’hich he had been accustomed in his own coal-fields, imbedded in similar 
clod, clunch, sandstone and grit. Yet would he have erred in classification, to 
the extent of one great and important member of the geological scale, for the bands 
of limestone and calcareous shale which alternate with this great argillo-carbon- 
aceous mass, inform us without any doubt, that all these accumulations (unlike 
those of our upper coal-fields, in which marine exuvise are eithep absent or ex- 
ceedingly rare,) were deposited under the sea. From the top to the bottom of 
the section, we find unequivocal remains of marine animals, many being, indeed, 
identical with those which abound in the great limestone that forms the support of 
the coal-fields of the British Isles. In the w'estern dales and moors of Yorkshire, 
Durham and Northumberland, there also exist, it is true, certain beds of coal in 
the lower or marine members of the Carboniferous system, but they are not by 
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any means so rich in coal, coal-shale and plants, as this Russian deposit, which 
is the more remarkable per se, when compared with the strata of the same age 
previously described In the basin of Moscow, where there is not a trace of car- 
bonaceous matter or black shale in deposits containing the same species ol 
Spirifer and Productus. Instead of the grey and dark bituminous limestones 
of this southern tract, the whole calcareous mass around Moscow, and extend- 
ing to near Archangel, is, as we have before shown, a pure white limestone, 
with some inosculating bands of magnesian character, and also of red and 
green marls dnd sands. In the Valdai Hills and in the governments of Tula 
and Kaluga, coal, on the contrary, is found only in strata beneath the lowest 
zone of carboniferous limestone, as in Berwickshire in the British Isles ; whilst 
in the south of Russia we are as yet unacquainted with any notable seam of coal 
so low in thtf system, unless it be fhe anthracites of Popofskoe and the Lower 
Donetz. 

The tabular view, therefore, which we have prepared and annexed to the Maj), 
and which exhibits on one side of the coloured scale a central mass of pure 
limestond (Moscow), graduating on the other side into a series of shale and 
grit, with thin courses of limestone (Donetz), conveys a true picture of the great 
difference in composition between the same carboniferous masses in the northern 
and southern regions of Russia. 

In regard to the theory of the origin of coal, which has of late attracted so much 
the attention of English geologists, the sections of Lissitchia-Balka and of the 
southern regions of Russia assure us, that the hypothesis of the formation of coal- 
beds by masses of vegetation, and the ground on which they grew having subsided 
in situ (the truth of the application of which to some coal-basins we do not dispute), 
cannot be applied tet the cases in question, anymore than to the pure marine coal- 
beds of the northern districts of Northumberland, and the north-western parts of 
Yorkshire, &c. It is true, indeed, that several of the seams of coal at Lissitchia- 
Balka have* a sub-stratum of argillaceous schist, and that perchance these sub- 
strata might be identified lithologically with the bottom or fire-clay of the observers 
who support that view. But what does this prove ? Supposing even that it was 
a creeping plant that grew upon the spot, is the Stigmaria Jicoides alone there ? 
By no means, for we meet with a confused assemblage , of many terrestrial plants 
both above and below the coal-seams ; whilst from the uppermost to the lowest 
bed, throughout a thickness of about 800 feet, the shells are exclusively of marine 
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origin. What then does the finely levigated shale or clunch, which is the sup- 
port of the coal-seams, indicate, but that in those periods when the bottom of the 
sea was spread over with the detritus of matted and broken 'plants, washed into it 
by inundations or freshes of former rivers, that the heavier earthy matters which 
accompanied such accumulations (in the same way as in the floating islands or 
snags of the great American rivers), sank to the bottom, whilst the lighter plants 
floated, and formed the upper stratum ? 

The plants thus left upon the muddy slime which had either been drifted with 
them or derived from the destruction of the lands on which they gfew, were sub- 
sequently covered by other sediment, sometimes in the form of siliceous sand, at 
other times of argillaceous matter impregnated by calcareous springs, thus account- 
ing to us for the varied nature of the roofs of the coal-seams, which consist of grit, 
sandstone, or limestone, according to the condition of the water whfch succeeded 
the deposit of each layer of vegetable and earthy matter. We may, however, ex- 
press our belief, tliat here as elsewhere some of the coal which is found in strata 
alternating with marine deposits, may have resulted from the washing away and 
the entombing at short distances from their original site, of the low juflgle edges 
of tropical islands ; in other words, by the sinking into the adjacent sea of floating 
masses of matted earth and plants. 

Strata overlying the Carboniferous Rocks. — Before we quit the consideration of 
this productive coal tract, we w’ould invite our successors who may have more 
time at their disposal than w'e had (for the summer was past when we quitted Lis- 
sitchia-Balka), to examine well the succession of strata between that place and 
Bachmuth. Even in our rapid movements, however, we saw enough to convince 
us that the carboniferous strata of the promontory of Lissitchia-Balka fold over, 
and dipping to the west and south, disappear beneath other, peculiar limestones, 
whilst these again (Pi. I. fig. 3.) descend into the vale of Bachmuth, and pass 
conformably under red marl, limestone, sandstone and gypsum. 

In leaving the coal country of Lissitchia-Balka and in passing t© B&chmuth, we 
found the series overlying the Carboniferous promontory near the village of Bie- 
lagorskaya to consist, in ascending order, of— 1. Yellowish sandy magnesian flag- 
like limestone, with flattened siliceous concretions and casts of Aviculae, 2. Yel- 
lowish and brown sandstone, with concretions. 3. Massive g}'psum. 4. Limestone 
of much lighter colour than any of the adjacent carboniferous region, in parts 
cavernous and tufaceous, in parts sandy and magnesian, with some^reen grains. 
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This thin-bedded rock, though absolutely subordinate to white and other marls 
with gypsum, contains small Product! very analogous to fossils of the Zechstein ; 
one, indeed, having since been identified by Mr. J. Sowerby with the P. horridus 
of the English magnesian limestone, whilst another shell is undistinguishable from 
the Lepttena sarcimlata of the Carboniferous rocks. 6. White and grey marl- 
stone in layers with gypsum. 6. Red and brown marl and gritty sandstone, inter- 
laced with gypseous flags and pure white gypsum. 7. Coarse pebbly calcareous 
deposit (see Pi. I. fig. 3.) : these beds are exposed in a succession of low hills 
within the distance of three versts, and they all plunge westwards and form the 
eastern side of the vale of Bachmuth. 

We have no doubt that this red and yellow group represents as a whole the 
Permian system hereafter to be described, and we trust that future geologists will 
be enabled to give other and more detailed sections, showing the exact manner in 
which the carboniferous strata pass upwards into that deposit, which occupies the 
valley of Bachmuth and its slopes '. 

Outliers of the Carboniferous Rocks at and around Petrofskaya, S;c. 8fc. — Besides 
the great southern coal tract, carboniferous strata associated with limestones similar 
to those we have described, are visible about two versts to the west of the military 
colony of Petrofskaya on the right bank of the Upper Donetz. 

The intervening country between Bachmuth and this spot is occupied by over- 
lying red sandstone (Permian?), Jurassic rocks, chalk, &c. The coal strata which 
we examined at this spot are exposed in a ravine at a slight elevation above the 
Donetz and its tributaries, and are overlaid by incoherent materials of reddish sand 

' In reference to this section, we must state that wc urged our friend Major TeplofF, who accompanied 
us, to endeavour to work out this point upon returning to his station. In the mean time it may be ob- 
served, that in a memoir i^ustrated by a small map and several sections, published in the Russian edition 
of the * Journal des Mines/ 1838, Capt. Ivanitzki has described the environs of Bachmuth. Wc feel con- 
fident that many of the red rocks near Bachmuth, with gypsum, conglomerate, &c., which he referred to 
the Keuper and Red Sandstone, constitute an integral part of the Permian system. Indeed our section 
above proves that they are intimately connected with the limestones with Product! we have just de- 
scribed. 'fhe sections of Capt. Ivanitzki exhibit alternations of limestone with green and red clays, 
gypsum, &c., the banks of the Kolima, a tributary of the Bachmutka. Other beds of his mames 
iris^es** consist of large concretions of gypsum, subordinate to red and green argillaceous marl ; and again, 
other strata, which are horizontal as well as curved and highly inclined, and which occur on the Donetz, 
Soukaia-plotiva and Bachmutka rivers, are red, gre 3 dsh, and ferruginoq^ grits and conglomerates, sands, 
argillaceous marls and clays, calciferous grits (macigno). The whole, in short, is a lithological epitome 
of the great Perjj^ian system hereafter to be described. 
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and clay. The following succession of beds is developed in ascending order, dip- 
ping to the north-west at angles of which 46® may be taken as the average : 

1 . Highly bituminous^ blacky subcrystalline limestone, in which no fossils were observed (this rock has an 

altered aspect). 

2. Ferruginous shale with some ironstone, &c. 

3. Thick-bedded, mottled, subconcretionarv^ compact limestone, in parts of light grey, in others of dark 

bluish grey colours, of scaly conchoidal fracture, passing here and there into a ferruginous " lumachelli.’* 

In this limestone Lieut. Vasilief, of the Mining Corps, who was stationed here 

and obligingly explained the section to us, had collected many fossils, some of 

» 

which are identical with species which abound in the southern tracts. 

4. Sandstone and shale, with impure iron ores. 

3. Coal, subordinate to beds of bluish shale or argillaceous schist, formerly worked by a shallow shaft eight 
toises deep, but now abandoned on account of the influx of water. This coal is about two feet thick 
and approaches in quality to Cannel coal. « ^ 

6. Great developement of ferruginous sandstone, occasionally pebbly, with traces of carbonaceous matter. 

7. Upper coal-beds, consisting of three seams of small thickness, alternating with shale and worked by 

shafts, six and ten toises deep, but now almost abandoned. 

8. Ferruginous sandstone and shale. 

These coal-seams of Petrofskaya having been worked in the most simple manner 
only, and at little or no expense, it is difficult to say to what account they may 
eventually be turned, for the small seams alluded to, have been extracted for the 
use of the military village only, and the whole force employed, with the exception 
of the engineer, consisted of a few soldiers, placed under his orders at intervals by 
way of punishment. 

As coal has been discovered at Gussadofka four versts north, and at Dimitrofka 
fifteen versts to the south of Petrofskaya, it would appear (whatever may be the na- 
ture of the overlying deposits) that coal-bearing strata constitute the fundamental 
rocks of this region. 

With the improved culture, however, introduced by the military colonies, and 
the rapid rise into commercial and manufacturing importance of the city of Khar- 
kof, nearly 100 versts to the north of these coal-beds, it is higl^y probable that 
the tract around Petrofskaya may eventually he brought into notice. It would, 
indeed, be highly desirable that the Imperial Government should direot researches 
to be made between the known outcrops of coal and the city of Kharkof, as the 
carbonaceous masses may jextend northwards and be found at moderate depths be- 
neath the cretaceous rocks of that government. It is right, however, to bear in 
mind, that the coal strata of Petrofskaya are in a highly dislocated condition, with 
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a strike from north-north-east to south-south- west (ahnost at right angles to the 
prevailing direction of the great adjacent coal tracts), and with a dip to the north- 
west ; which inclinatioif , if continued, would occasion them to be soon buried at 
unattainable depths beneath the younger rocks on the north. But should this 
prove to be the case, and that the coal near Petrofskaya is merely at the surface 
through local upcasts, still the area over which it has been already seen, and its 
good quality, may induce the Imperial Government to prosecute the works imme- 
diately around Petrofskaya in a scientific and vigorous manner. 

General relatidns and economical importance of the Southern Carboniferous Tracts. 
In taking leave of the southern coal country, we may be permitted to offer a few 
observations as to the relative produce of its different parts, and of the capabilities 
which it seems to afford of future economical development. 

The crystalline and granitic rocks \?hich form the nucleus of the whole region 
being well exposed between the Dnieper and the Kalmiuss, on the banks of the 
river Voltchia, we have the clearest proofs that the carbonaceous strata, in their 
extension to the west and north-west, dwindle to thin zones which rest upon these 
older rocks.* In these tracts the limestones and shales disappear and the few traces 
of coal are associated with sandstone and grit. All endeavours, therefore, to find 
coal in the drainage of the Dnieper, or within portable distances of that great 
river, so as to be of use to the manufacturers of Odessa or conveyed at small ex- 
pense to the Black Sea, must be futile. 

Towards the south-east, however, the Kalmiuss, as previously stated, exposes 
a succession of limestones, grits, shales, with some coal. As no works worthy 
of notice have yet been opened in this tract, it may seem presumptuous in us to 
offer any opinion respecting its mercantile value, but judging from the few traces 
which there occur of apy considerable quantity of vegetable remains, and also from 
the very small developement of the seams, as well as from the nature of the coal 
itself (with the single exception of Alexandrofsk), we should be disposed to think, 
that few portions pf the tracts watered by the Kalmiuss or its tributary brooks, will 
be found to contain sufficient carbonaceous matter to lead to works of any utility, 
beyond the mere supply of the adjacent inhabitants. 

We have heard that the researches undertaken by the Russian engineers, and 
particularly those made under the auspices of M. Anatole JOemidoff and conducted 
by M. Le Play, have afforded a similar conclusion, drawn not merely like our 
own, from what could be detected in natural outcrops and a few artificial openings. 



1)8 


PROBABLE EXTENSION OF COAL BENEATH THE CHALK. 


but also from borings at numerous points, as well as from the analysis of the coal- 
seams discovered. 

To the east, however, of the north and south parallel ‘in which the Kalmiuss 
flows, the carbonaceous matter increases considerably with the augmentation of 
masses of shale with limestone ; and we think that the whole of the ridges south of 
Bachmuth, and on the east bank of the Toretz (the mines of Jeleznoe (p. 103) afford 
a good illustration), are well worthy of being largely excavated and carefully 
examined ; for from the elevation of the hills it is evident, that in many of these 
places the mines could be drained by adits, at a small expense. * In their exten- 
sion to the south-east, the strata, becoming highly arenaceous and argillaceous, 
lose at the same time their carbonaceous and calcareous features, thin courses of 
limestone only being apparent ; and with this lithological change the coal seams, 
diminishing in number, become gradually anthracitic, until they aOquire in some 
parts the characters of true anthracite. This tract, particularly its south-eastern- 
most angle, may, we presume, prove of still greater economical value than the 
district of the Toretz, both on account of the good quality of the anthracite and 
its comparative proximity to the Sea of Azof ; whilst the same physical features, 
viz. broad undulatory ridges high above the drainage, will equally facilitate for some 
time the desiccation of the mines, without rendering steam-engines necessary. 

By far the richest portion, however, of the coal region, is the north-eastern 
district, parts of which we have described at Uspensk and Lissitchia-Balka, and 
w hich is distinguished by some of the many anticlinal ridges into which this cokl 
tract has been thrown. The strata plunging to the east and north are lost beneath 
the chalk, and to the south-west they pass beneath younger rocks, including the 
equivalents of the Zechstein. It is, however, most important to bear in mind, that 
the most productive portion yet known, is that which is djrectly in contact with 
the cretaceous rocks, and hence we may hope, that at some future day, when the 
coal shall have been exhausted on its outcrop or in the ridge of Lissitchia-Balka, 
it will be found beneath the adjacent chalk on the left bank of the Donetz, like the 
coal under the chalk at Valenciennes : and if so, we venture to predict, in less 
disturbed positions than in the anticlinal ridges on the right bank of that riveri 
which are so instructively displayed between Lugan and Lissitchia-Balka. 

We do not lightly thrpw out this anticipation. Our acquaintance with the phae- 
nomena in Russia and the analogies of Great Britain and France, enable us to sup- 
port it. For as the carbonaceous matter increases in volume to Uie north-east, 
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what is there, we ask, to prevent its extension beneath the chalk ? From our 
experience in coal-fields (that of Dudley is a beautiful example), we know that 
thick beds of coal never disappear per saltum, and that when followed and re- 
gained. beneath contiguous strata of more recent age, the coal is often in unbroken 
sheets, and is then of higher commercial value than where it has been thrown up 
to the surface by former convulsions of nature. Without such convulsions, man, 
it is true, might have long remained ignorant of its existence, but with increased 
knowledge he follows the coal from its disturbed outcrop, and is amply repaid by 
finding it at lower depths and often in great and uniform masses. Attention to 
this simple rule cannot be too strongly impressed upon the minds of the Russian 
authorities. 

If, however, the working of these coal-mines beneath the cretaceous rocks is a 
problem not likely to be solved in oui*day, we may, at all events, suggest the safe 
experiment of boring through the masses to the west of Lissitchia-Balka, near 
the spot where the lowest beds of certain overlying deposits have been described. 
If correct in our belief, that such overlying strata are of the age of the mag- 
nesian limestone, there is every reason to conclude, from what we know of the 
general structure of Russia, that the carboniferous deposits beneath them will 
partake of the same slight inclination ; and we need not add, that if coal seams, 
as productive as these of Lissitchia-Balka, were found under such favourable cir- 
cumstances and so near to the town of Bachmuth, the discovery would be most 
important. The great impediment to the steady working of these coal-fields is 
their highly dislocated and contorted condition, and we therefore repeat, that the 
object of the Administration of Mines should be pointedly directed to the establish- 
ment of works wherever the beds are least disturbed. 

The process of coal-mining has, in fact, been the same in the more advanced 
tracts of Western Europe. In the olden times of England no one thought of 
sinking for coal, except at spots where the mineral cropped out ; and we can all 
remember when those geologists who recommended a search after it by pene- 
trating the magnesian limestone (Zechstein) were treated with derision, and yet 
nearly half the fuel of London is now extracted from strata in that position The 
day may therefore come when the old works of Lissitchia-Balka having been ex- 
hausted, the coal-mines of Bachmuth shall render that town most flourishing. 

But whether mining operations be confined, as at present, to the country where 
the carbonifeE0U8 strata crop out, or hereafter extended by deeper shafts to other 
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contiguous tracts, it is obvious that there exists in this region a quantity of coal 
of good and fair quality, which, if opened out with spirit and industry, will tho- 
roughly justify the anticipation of Peter the Great, that H would benefit his de- 
scendants. Quantitative results, however, can only be measured by succeeding 
ages, when it may suit the interests of Russia to render the country in which the 
coal and limestone abound, the seat of mines and manufactures. In the mean 
time, though we have no desire to raise delusive hopes, and though we believe 
that this region will never be found to contain the same amount of mineral as 
any one of the productive tracts of Western Europe and America; we are justified 
in saying, that where steam-engines are not used (and with the exception of a 
small one at Lissitchia-Balka they are unknown) any coal-field must be considered 
in a virgin state when compared with the great carboniferous deposits of other 
countries. In the British Isles, at all evenfis, we may affirm, that if no coals were 
extracted, except those which could be procured without the aid of steam, the 
natural supply would sink at once to a thousandth part of its present extent, 
and with this defalcation, Great Britain might quickly relapse into her condition 
of four centuries ago, little differing from that of the tracts in Southern Russia 
which we have been considering, and which at present are almost exclusively 
occupied by an agricultural people. 

Having now described all the carboniferous districts in the central and southern 
regions, we will next give a brief sketch of the deposits of this age on the western 
flanks of the Ural, and then terminate our account of the Carboniferous system 
of Russia by a general review of its oi ganic remains. 


PosUanpt . — After the preceding pages were printed, w’e received a copy of the Fourth Volume of the splendid work 
of M. Anatole DemidofF, * Voyage dans la Russie Meridionale,* which is entirely dhvoted to the description of the 
Carboniferous region of the Donetz. M. Le Play, an eminent French engineer, happily selected by M. Demidoff to 
ascertain the true mineral wealth of this tract, and to describe its physical and geological structure, has produced 
a work so replete with well-digested details, collected, not only from observations of the natural features of the 
region and the mines which have already been commenced in it, but also by numerous borings carried on by him- 
self or his assistants during a period of three years, that the Imperial Government will doubtless feel grateful to 
the accomplished person who has so liberally fostered these inquiries. ^ 

In a large geological map, in which the demarcations of the carboniferous and crystalline rocks, and also of the 
overlying Secondary and Tertiary deposits are given, M. Le Play has grouped under darker colours, such parts of the 
tract as are known to be productive of coal, to distinguish them from those in which the mineral has not yet 
been discovered. This method, doubtlessly, carries with it a certain amount of information, but is deficient in 
Btratigraphical meaning, for some of the beds so marked are in higher positions than others ; in some the coal is in- 
terlaced with limestone, and in others it is almost entirely subordinate to sandstone and shale ; if^ne tract anthracite 
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exclusively prevails, in another bituminous coal. By reference, however, to the explanation, and, above all, to an 
admirable series of tables, this defect is obviated. These tables are, in fact, perfect models for the practical mining 
engineer ; they^ive at one view the direction, inclination, thickness and quality of the coals at each locality, also the 
diaracters of the associated stntta, as well as the state of the works, and their produce at each mine or spot of trial. 
To these is added another set of tables, in which the chemical analysis of the coals from forty-three different places 
is given by M. Malivaud, another agent of M. Demidoff. 

Into such details, valuable as they are, it was not our province to enter, and we will now, therefore, merely offer 
a few remarks explanatory of those points in which our geological conclusions either agree or are at variance with 
those of M. Le Play. 

We have stated that the fossils which he had brought to France, and which we inspected before our jour- 
neys to Russia (1840), first led us to believe, that the coal beds are chiefly subordinate to the carboniferous 
limestone. Of this,^ indeed, there could be no doubt, for the species were, to a great extent, the very same as 
those with which we were familiar in rocks of that age in Western Europe. On interrogating M. Le Play, 
however, we could not ascertain that he had arrived at any defined idea of a aurceaaion of strata, derived either 
from the stratigraphical order of mineral masses, or from their imbedded organic remains. In fact, he then 
distinctly acquainted us with what has now appeared in his work, that, owing to the disturbed and convoluted 
condition of the strata, the want of persistency of mineral characters, and the apparent existence of similar species 
of shells throughcait the series, it was impracticable to assign a base line to the deposits, or to trace their 
uppermost limits, still less a passage into any superior formation. Now as we have ventured to effect these objects, 
we will here briefly state why we conceive M. Le Play did not arrive at similar results, alfliough he had in his own 
hands some means of proof, which, through the hurried nature of our visit, we never obtained. 

No geologist, however practised, can, we venture to say, explain the structure of a part of a complicated distant 
country, unless he has made himself master in undisturbed tracts, of the succession of its normal formations. 
Long as wc have been occupied in the study of the Palaeozoic rocks, we arc confident, that had we been thrown 
suddenly into the chain of the Donetz, and had been desired at once to unravel its complexity, we should have 
reached no other geological result than that of M. Le Play. We had, however, by two years of extensive compa- 
rative researches, obtained an intimate acquaintance, not only with the older Palaeozoic rocks of Russia generally, 
but in reference to the Carl)oniferous system, had convinced ourselves, that throughout the enormous area over 
which wc had traced it, the upper or great coal formation of Western Europe was absent, and that the calcareous 
or lower group, occupying the whole carboniferous horizon, was by help of certain fossils divisible into three stages. 
Again, wc had ascertained by numerous sections on both flanks of the Ural Mountains, that, in becoming part of 
a mountain mass, this system, so uniform and so peculiar over so vast a space, there put on many of its ordinary 
features so well known to those who have studied the carboniferous limestone only in the western parts of Europe, 

We further learnt, that, in the absence of any deposits to represent our coal-fields, the Carboniferous system 
was there succeeded, in ascending order, by a vast series of red and cupriferous deposits to which we have assigned 
the name of Permian. It will not, therefore, he arrogant on our part to say, that wc entered upon the examina- 
tion of the territory of the Donetz possessed of elements of comparison which no previous travellers had acquired. 

Our task was, therefore, less difficult. Knowing from the maps and instructions furnished to us by the Admi- 
nistration of Mines, that the major axis of this tract and the main direction of the strata trend from west- 
north- west to casj-south-east, we resolved, after terminating our researches in Southern Russia, to examine the 
chain of the Donetz in^arallel lines, transverse to its general strike, and, by carrying out this scheme, we arrived 
at the conclusion, that the oldest member of the series occupies its southern frontier, and that after a multitude of 
flexures the centi;<il strata dip under the upper Kusulina limestone, the whole group being surmounted in the 
valley of Bachmuth by the equivalents of the Permian system. 

Our readers will have seen how much importance we attach to the presence of the large Producius yiffanfeua as 
uniformly characterizing (over vast regions in Russia) the lowest beds of the carboniferous limestone, and we were 
aware, as before stated, that M. Le Play had collected this fossil in the chain of the Donetz, though the exact loca- 
lity was unknown to us. We were, indeed, assured by Colonel Olivieri, that he had found this species in the great 
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Scar limectoncy near Karakuba* though we did not ourselveB detect it ; and reasoning upon this fact together with 
evidences of an ascending order from south to north, and by acquiring proofs, unknown to previous geologists, of 
♦he existence of upper members of the series charged with Fusulins, we completed our section by» expressing our 
belief in the passage of the higher carboniferous deposits into the Permian rocks. » 

We now learn from M. Le Play, that the Products giganiew, of which he collected many individuals, occurs 
at Rubejnoi on the Lower Donetz, in the southern part of the region, and he thus completely confirms our idea of 
an ascending section from south to north. Though at one time at a short distance from that spot, we unluckily 
did not visit it, but M. Le Play's faithful detailed sections are quite sufficient for our purpose ; for after describing 
the limestone as massive and important, he says, that the mineral associations with it are different from those 
limestones on the north, in which many more seams of coal occur than in the strata of the Lower Donetz. 

In fact, the examination of the carboniferous region of the Donetz is one of the most striking examples which can 
be adduced, of the paramount importance to the practical miner, of the close study of organic remains in reference to 
the normal positions of the strata ; for throughout deep sections in the northern part of this territory, there is 
not a trace of the great Productus, whilst all the fossils of the middle and upper strata are present. Any one, 
therefore, who bad felt as confident as we do, that this remarkable fossil was as clear an indication of a lower band 
as the Spir{fer Mosguensis and Fusulinae were of an upper, could not have doubted of the general relations and 
order of the strata in the chain of the Donetz. 

Nay more, the evidence now so clearly laid before us by M.*Lc Play, in substantiating the value of our strati- 
graphical tables, enables us also to speculate upon a parallel between the lowest anthracitic beds of this territory 
and the lower coal of thf Valdai Hills, Tula and Kaluga (p. 71 efseq.). In the south-eastern limb of the country of 
the Donetz, the beds of anthracite and hard sandstone and schist which have a prevailing northerly dip, may 
fairly be supposed to rise out, like the thin coal of the Valdai, from beneath the limestone with great Producti, 
whilst the proximity of the cr)"stalline axis of the southern steppes may well account for the indurated and meta- 
morphic character of strata which we have described under such a very different lithological aspecl in the Valdai 
Hills and in the governments of Tula and Kaluga, where they occur almost in their original condition of sand 
and clay, and are far removed from the influence of all intrusive rocks. 

Agreeing in the correctness of the general parallel which M. Le Play has drawn between the carbonife- 
rous deposits of the Donetz and the carboniferous limestone of Great Britain, Belgium and France, we do not 
believe that beyond this point his comparisons can be sustained. The carboniferous deposits, "terrain houiller,'* 
for example, of the Low Countries and of Diisseidorf, with which we are well acquainted, do not offer, as he sup- 
poses, an analogy to those of the Donetz ; for in the Rhenish provinces coal-seams are in no instance interstratified 
with the Mountain Limestone series of English geologists, but are invariably superposed to such rocks. Again, in 
these Prussian and Belgian districts, the mountain limestone wMth sands and shale, but void of coal, reposes on an 
elaborate succession of Devonian and Silurian rocks, loaded with typical fossils ; whilst the group of the Donetz, 
unlike that of the north of Russia, is exclusively carboniferous to its base, and rests at once on very ancient cry- 
stalline rocks, or abuts against porphyries and other eruptive masses. 

And even if we admit that there is to some extent an analogy between the carbonVerous rocks of South Russia 
and the Low Countries, in both being overlaid by cretaceous deposits, we must also not omit to recognize, in 
the one case, the presence of intermediate strata of the age of the Zechstein, and in the other the total absence 
of that deposit. 

The true foreign analogy , therefore, of the coal strata of the Donetz, considered in reference to other deposits 
of the same age, is to be found in the north-western or Lake districts of England, where some seams of coal 
lie below and others are interstratified with the mountain limestone series and its sandstones and shales. 
Tlip coal-field of Berwickshire, or that below the mountain limestone, is much richer in contents than the south- 
eastern portion of the tract of the Donetz, which we believe to be on the same parallel ; whilst in identifying 
the rest of the succession, or the^ great mass of the Donetz, with that of the Mountain Limestone group of 
Northumberland and the Yorkshire dales, the comparison, as to amount of produce, is largely in favour of the 
Russian deposits. 
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To considerations of theoretical importance concerning the changes which the surface of Southern Russia has 
undergone, and which are ably put forth by M. Le Play, we shall not at present advert, reserving our views on 
these points for the concluding chapters of our work, when all the elements which we can bring together shall 
have been laid before our readers, to enable them to see the grounds upon which we come to our conclusions. 

For the present, then, we take leave of this volume of M. Le Play, which, though it contains views from 
which we differ, we regard as on important addition to the records of physical science, and as possessing infi- 
nitely more the character of a good monographic description of one tract, than anything which, from tht extensive 
nature of our researches, we are enabled to offer . — February 15, 1843. 



CHAPTER VII. 


CARBONIFEROUS ROCKS ON THE WESTERN FLANK OF THE 

URAL MOUNTAINS. 


Section on the banks of the river Tchussovaya, showing a passage from Carboniferous 
Limestone, through Millstone-grit and Coal to overlying Conglomerate, Calcareous 
Grits, S)'c. — Section from Nijni-Serginsk to Sarana, exhibiting Goniatite Grits 
overlying Carboniferous Limestone. — Bands of Carboniferous Limestone near Sterli- 
tamak. — Prolongation of Cai boniferous Limestone along the South Ural and as- 
cending Section from it through Goniatite Flags and Grits into Permian Deposits. 
— Review of the Organic Remains of the Carboniferous System. 


Having detailed the succession of the Carboniferous strata in the northern and 
central parts of Russia, it might appear desirable to pass at once to the considera- 


tion of the next group in the ascending series. Believing, however, that the region 
to which we now call attention, contains within it certain peculiar upper beds of 
the Carboniferous epoch, not seen in other parts of Russia, we think that by de- 
scribing them, we shall best convey a clear idea of the transition to the superior 
deposits or Permian rocks, the history of which is to occupy the two following 
chapters. • 

In a subsequent sketch ot the Ural Mountains the carboniferous rocks will again 
come frequently under consideration, both as respects their relations to the lower 


iormations, and the lithological changes they have undergone by^plutonic action. 
Our present purpose is briefly to explain their structure and position in the country 
composed of the hilly grounds to the west of the Ural ridge, and to show how they 
dip under and are connected with the next overlying or Permian deposits. 

By looking over the Map the reader will perceive, that towards the central 
portion of the Ural, the carboniferous limestone is divided for a considerable 


distance into two bands, one of which (the eastern or main zone) foll&ws the sinu* 
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osities of the older rocks on which it rests. The outer zone is, in fact, the indica- 
tion at the surface, of a line of upheaval parallel to the Ural chain, and as we 
shall revert to this subject hereafter, it is sufficient now to state, that as far as our 
own observations went, this band, running for the most part in a tract of little 
elevation, and much obscured by local detritus, seldom exhibits its relations to 
the superior deposits. We therefore commence our account of the carboniferous 
rocks of this region by describing the limestone on the west flank of the North 
Ural, where it forms one band only, as exposed on the banks of the Tchussovaya, 
a tributary of the Kama, and where it dips under deposits differing considerably 
from any which we have described in other parts of Russia. 

Section of the Tchussovaya. — Carboniferous Limestone, Millstone Grit, Coal, Cal- 
ciferous Chit, Flags, and Conglomerate (3 and 3' of Map). — The lowest member of 
the system, resting upon and passing* conformably downwards into the Devonian 
rocks, is exhibited most distinctly, in several grand flexures on the banks of the 
Tchussovaya, to the east of its tributary the Coiva. It is there a light grey, 
crystalline, compact limestone of very great thickness, much resembling the great 
Scar limestone of the north of England, or the equivalents of that rock in the 
Bristol and South Welsh coal-flelds, and is charged with large Product! and many 
characteristic fossils. 

A few versts to the west of Kinofsk* , the lowest beds of this limestone, or those 
in contact with the Devonian rocks on which that Zavod is situated, consist of 
great masses of amorphous structure, in some places forming troughs, in others 
rising up into precipitous peaks, the beds in which are occasionally vertical. These 
limestones are distinguished by containing many concretions of flint and chert, 
and at one spot, called Moultic, we collected the Productus giganteus, P. comoides, 
and other fossils characteristic of the lower strata. 

No description of the geologist, still less a mere sectional drawing, can convey 
an adequate idea of the contortions and pictorial beauty of these wild gorges. The 
flexures on the A^euse may, in some respects, be compared with them, but the 
channel of the Tchussovaya being narrower, the rocks more rugged and diversified 
with foliage, and the defiles highly intricate, the Russian scene appeared to us to 
be more striking than that in Belgium 

* The property of Count G. A. Strogonoff. 

• We very much regret that since our return to England, certain sketches of these gorges have been 
lost, or we shoul(^ertainly have given lithographic illustrations of this grand scene of contortion, in 
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Alter Various grand undulations, in which limestone, sometimes dolomitic, con- 
stitutes three-fourths of the river cliffs (schists and quartzose grit being rarely 
seen), the uppermost portion of the formation is admirably exposed in rocks on 
the right bank of the river, a little to the east of Ust-Coiva. The strata are there 
exhibited in beds inclined to the west at an angle of 70“, and by pacing across 
them, as far as they were visible, we estimated the thickness of this one member 
of the limestone to be not less than 1000 feet (a to Jr of section beneath). 

Some of these beds are of light grey, others of brown colour ; their fracture is 
conchoidal, and they contain among other fossils the Spirifer M9squemis, which 
unquestionably refers them to the same age as the white limestone of Moscow. 

The woodcut which is here annexed will give the reader an idea of the manner 
in which these limestones subside under hard quartzose sandstones, and after- 
wards emerge in anticlinal flexures, to the west of Ust-Coiva. 

21 . 

Grit. Uat-Coi^a. Doloiuitr. " K. 



Arch vf hmestonc. Trough of gnt. (muny fosaiia' l.imestoiie, highly incUurd aiul contorted. 


At the spot where it dips under the grit, the limestone is in the condition of a 
yellow' decomposing dolomite. 

Millstone Grit and Coal.— The rock which immediately surmounts the limestone, 
on the Tchussovaya, is a hard siliceous sandstone, occasionally coarse-grained, 
which is undistinguishable from certain varieties of the millstone grit of English 
geologists, and is actually w'orked for millstones. This grit occupies the higher 
grounds or plateaus where the limestone has not been raised to the surface, and 
is seen in several troughs on the banks of the Tchussovaya, to the west of Ust- 
Coiva. It is of considerable dimensions, and when followed to the west is found 
to contain impressions of carboniferous plants. 

At about twelve versts east of the village of Kalino, and on the property of the 
Princess Butera, beds of coal have been found subordinate to this^'formation. Two 
galleries have been driven into the rock at different levels. In the lowest of these 
works, the strata were found to plunge 40° to the west-north-west, a bed of coal of 

which the rocks are beautifully decked with northern forest trees and many flowering plants, Cypripedium 
calceolms. Orchis, Stachys, Viexa, &c. Caverns are not unfrequent, and as usual in most countries 
bordering on Siberia, several of these are called the caves of Yermac. and in which the Cossack con* 
queror of the Siberian Tatars is supposed to have been concealed, after his early disasters. 
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middling quality being covered by yellowish grey, arenaceous shale and white sili- 
ceous grit.. The upper gallery showed the strata to be inclined 25° to the north- 
east, with coal of good quality and of about three feet in thickness, intercalated 
between two bands of siliceous grit, the whole covered by shale and impure coal. 
The beds of coal which are known to crop out on the river Kosva in the property 
of Prince Lazaref, belong exactly to the same place in the series, and we have little 
doubt, that all the coal which has been spoken of as existing along the western 
flank of the North Ural, occurs in this member of the system. There is, indeed, 
in these gorges *so clear and complete an exposition of all the beds of the carboni- 
ferous or mountain limestone, properly so called, from its junction with inferior 
Devonian rocks to its dip beneath the millstone grit, that we are assured beyond 
the possibility of doubt, that in this eastern region, coal is never found subordinate 
to or below the limestone, as in the other parts of Russia which we have described. 
England, indeed, affords within itself parallels to all these Russian examples and 
many additional cases. Her greatest coal-fields, for example, are all superior to 
the millstone grit, which in Yorkshire, however, does contain workable seams of 
coal, whilst Northumberland and Berwickshire contain numerous bands of good 
coal, both in the carboniferous limestone and inferior to it. 

Goniatite Grits . — The limestone and millstone grit of the Tchussovaya above 
described, are succeeded to the west by coarser grits of greenish-grey and yel- 
lowish colours, and which, where we observed them, are as little inclined as the 
great Permian deposits which flank them on the west. At the mouth of the Usva, 
below Kalino, they appear in the form of coarse conglomerates. Still further to 
the west, near Gorodok, are deep pits which formerly furnished salt, and in a sec- 
tion of about 200 feet in thickness we observed the following order of beds : — 

^ Feet. 


Conglomerate of rounded sillcTOUs pebbles, imbedded in grey grit 15 

Grit 40 

Sandstone, finely laminated, with bluish shale and plants, chiefly Calamites, 

.one of which resembles C. reniotus, another C. catmaformis (Brong.) 8 

Greyish grit, in strong bands, yellowish at the surface 10 

White and yellow shale (marl), alternating with thin beds of grit 10 

Grits, &c., resembling 4 and 5 ^ 


Beds resembling No. 5 

Calcareous grit, with calc-spar 

Grit, like No. 4 

Marly shale, like No. 5 

Dark-coloured foetid limestbne, with schistose grit 
BIkekish schist, somewhat marly 
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and good arrangements of (icneral l*<’ro\vski. Tlie wliolc of the south-western por 
tion of the Ural Mountains, from whence wc tot)k our departure, is eoinpos*ecl ol 
an infinite iiiuiiher of sharp ridges of carhoniferous limestone of about ‘)t)U to 1(HH) 
feet in height, which exiianding in rapid undulations trend towards the south into 
the (iurmaya and Camel Hills. 

To the north of the Katchufka the ridges dinunisli in number, and the whole 
calcareous zone is reduced to the width of less than t\venty versts, helwceu tht‘ 
Permian rocks on the west and older paheozoic- rocks on tlu; east. Hiehly orna- 
ment<‘d at intervals with fine trees and herbage, this limestone distri< t a|)|»eare(i to 
us to be one of the most favoured tiaets inhabited by tlu* poor Ihishkirs, through 
whose lands wc travelled for so long a distance'. 

In the outer or w^estern portion of these ealeareous hills we observed rusuhiue 
in a gritty limestone, fossils, as has been before shown, characteristic of the upper 
division of the formation in many parts of Russia, whilst in the inner portftm were 
tliic'k beds of ])urc linu'stone w it h large Unxhieti, including the../^* l^aldtiicus, which 
is equally characteristic of its lowtu* memhers. ^rhesc organic remains, at‘com- 
])anied as they were by a prevalent dq) to the west, already taught us that, notwith- 
standing many breaks and (‘(Jiifortions, we were advancing to oldei* strata In a 
tract covered with tine vege tation and in which no quarries luui ev(‘r heinwopem-d . 
it w^as difhcult, even with vei'v ste(‘p slopes and det'j) glades, to detiiu* tin* gt'ologi- 
eal character ol the snetceding b(‘ds, but Iroin occasional glimpses tbc*v seiunt'd to 
consist of black schist- with thin courses of iinjmrt* rnm'stom* c'ontaimng Enerimte-. 


• Tlumgh the gUMt ina- . i th<' S(a,th I’jal i- -till .1 Iw Uh* IhrhknM. i1h> Uu-ianM are -I.uIn 

imrcluLsiiijr their hind-, . (ire- oi hue -oil oeeui , and the oi iidiid»i>atits (hUetIa K< d liallan 

of Ameriea) are thus graduallv r .M.tpre-sed iiilo limit- ineoinpaldilt \Mlh llu' eM^lemeot a immadie nu < 
de^-titute of any aj^ricultural aO. and Iimiu; e\elu-i\cU on the piuihuM ol tlu n hinl-o! lun .e- In tk 
most mountainous tr.iels. lioxx. . Ha-hkiis alone ar- still to he found, whom ue eonid not lnu< 

been forw'urded without the -in . i d oid< r- ol Geiiei.d IViow^ki, uho fuineluil ns indeed w.lh piovumn 
and a carriage suitable t<i tl.e inuL- . mint, y. direetne^ lU-hkn ofhee. ( w ho do duty of (b-aeksM^ 
aeeompany us. VN'e can iievei forL^- l eitlm the pha-ant hoiii- we pa— (dal tlu Kaf eliiil ka ol (n iuj.iI 
Perowski or the services he lendered in this Urn, , -till U - ihe adirinahh MS. ma]i of ihe u hole n fsu>n 
with W'hich he furnished us It was on tin- ..ee.v-um that we induced M J Kl.anikofl, ..U.n lud to ti. 
btaft of the Governor- Genei al. to de-euhe the ireotrrajdiical leatures ul .dl tlu -ui loundm.. 
to furnish a memoir, wdiich Mr Murehison ha- since in-eited in lh‘ 1 Mduiiu (d 

the Royal Geographical Society ot Loudon. The name of IViow-ki ha- h< ( n printed in tl.. j.m-( ec me 
pages, 131 et seq as it is jirononneed, “ Prtofskt or ski. 
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and ^hin, grass-likc fossil plants Where the road (Starai- tract) ascends from these 
pastoral valleys, the external features entirely change. Instead of the copious 
vegetation which usually accompanies well-watered calcareous soils, we had now 
reached a monotonous plateau void of all limestone, with a poor and stunted 
herbage, through wliich we could occasionally detect the ends of the strata only. 
These arc composed of a greenish, earthy, thinly foliated ])sainmite, which alter- 
nated repeatedly in highly inclined positions, with siliceous flagstone and thinly 
laminated schists^, no fossils being discoverable in the strata, save a few wretched 
easts of what might he either the terrestrial plants (grasses?) or marine fucoids. 
To the east of the station of l^crdek these schists are exposed in a ravine, but still 
they told no tide, exce]>t that, being highly inclined, they were traversed by an 
oblique and nearly horizontal rude cleavage 

At^the Zavod of Preohrajensk the river IJrmanzelair, a tributary of the Sakmara, 
runs in a gorge of conLorled, green, jisammilic gruinNacke with schist, in which no 
calcareous matter aifd no fossils were oliserved"^. To wliat age then can we refer 
the great mass of rocks between the Ihishkir village of Tchematzine and Preobra- 
jensk? Though in the absence of fossils we cannot satisfactorily rcjily, wc know 
that all these schistose fftrata underlie the carboniferous limestone ; and here, tliere- 
fore, as in many parts of the continent of Europe where limestones and fossils are 
Avanting, wc can do no more than consider them all as lower Palcvozoie, flood 
reasons, indeed, exist for supposing, that the oldest of tliese grauw^ac'ke beds must 
he of Silurian age, for in a suhsequeiit section it will ap])ear, that in following 
these same masses to the north, they become calcareous and contain characteristic 
fossils 

Prom Preohrajensk to the jmint where we crossed the Sakmara river, scarcely 
any feature worth recording ])resentcd itself, for we were, in fact, travelling upon 
the strike of tlic same schistose strata. On the river Silayefskaya, and ranging 
thence to Zuluck, quartzose and inieaeeous schists strike north-nortli^east and 
south-south-west, dipping 4iP to tlie west ; and at the spot where w^c traversed 
the Sakmara, chlorite schist ai>j)ears in contact with a boss of serpentine. So far 

‘ 7'he Bashkir village in this tract <»f bl.ick ciilcarcous .schist is called 'J'chematzine, and is sur- 

rounded hy maguificent trees, including Birchen of extraordinary size. 

' This Zavod is established here on account of tlie w ater-j>o\\er, the cojiper whicli is smelted at it being 
hroiiglit from the rich mines in the I’crmian rocks of the goveinnicnt of Orenburg, on the west. 






SECTION OF THE IRENPYK RIDGE. 




then we could discern, that low as this plateau is, in reference to the Irends k 
ride;e which wc were approacliing, it might be considered the mineral if reahv 
coinijoscd, as we believe it to be, of the oldest rocks in tins part ol the chain. 

The Jrrndi/k (continuation of PL IIL tig. a.). — From the dull and s])iritless pla- 
teau ot Preobrajensk, composed of its grauwaeke schists and grits, sonu' of which, 
however, where not metamorphosed, have a good deal the asj)eet of the Sduria!\ 
sandstone of England, we ascended steep and verdant slopes to the peaks of tin* 
Jrendyk, wdiich, in this parallel, constitutes the geographical axis of the South Ural, 
and separates the waters wdiich tlow' eastwards into the river Ural, trom those which 
run westwards into the Sakmara and Bielaya. Idiis ridge is essentially eruptive, 
and its external forms are liighly picturcs(|ue. It is made up of fclspatlnc rocks 
whudi ]>ass into greenstone, slaty ])orphyry and ])orphyritic hrcci iii, and risi' to 
above 3000^ feet above the sea. We spent a night amid tbest' pc'aks in the leads 
of the Bashkir chief iMobammed John’, who was tan-amped beic lor tin* summer 
jiastures of bis herds ol’ mares and floc ks ol slK‘t^p, and oiler at^kelcb of flii' scene 
which presented itself at dav-break in this wild and nehly-wooded moinilain !(‘ccss 
On ascending to the summits, llu‘ c hied' of winch at tln^ point is ("died Kalhmlelnk, 
we found them to consist of slratdied eomjiad (elspar ro(d\*oi* ( uiile, wlm li Is in 
parts ]K)rphyritie, the whoh* having an appearance ol’ bedding, the stiatfi being 
either vertical or diiiping 70 to east-south-east. A littU* lowia* on tin' ( astiTii 
slope, tlic rocks arc eitiier granular ielsjiathic trap, or greenstone ])orpiiyrdt(' 
greenstone and grey |>orpbyry, with pink felspar crystals; in a word, tin* same 
group of (‘ru])tive roc ks wliieli we bad met with iu the adja(‘ent valley ol Ibc^ Ural 
river, distant from the In iul)k about filty versts. 

I'hc most rcmai'kable i' ,dure on this slojie oi the mountain ridgc', is tiie jidinde 
number cd’ alternations o» p-nallel bands of igneous rocks (porjibyrii s; \vilfi )as[)t‘rs 
and flinty schists, the foinicr most fie(juently occiijiyic.g low parallel ridges, tin* 
latter the interjacent dejues^ions During the lirief monicmts at our disp(>-,;d, wc 
looked iu vain for organic remains m these higidy altered masses ; stdl, wIkii loi- 

' i Iclmersfii make? the euhiini.itiri^- rr. ‘t nf this ! 2 'J 42 Kr(‘rK h or .’il.’I'i Kiii-'lelt frt i 

’ Our host, Mohammed John, \\ ho fijiju .o'- in tin torc^iouncl ol tin* oj)|rosif( .i\( l( h wu- .1 finr 
cmien ot a luHty Ra»ltk'ir, witli a capar-iou^ ‘■toinaeh \\tll tillud with lif in.U( ‘ imlU In In- tc riT 

{where wx* slfpt upon frcsh-ehoj)]K‘d hr-lea\e*?j we w'ere rclre->lie<l \\ j* h t \r( Unit fm. wluKl -tnionndnl 
by numerous black skins filh-d with Kumi-«. and ornamented eln O-, fif>m whnli orn hiM uivis un- 
packed hi.s best crockery. In the annexed sketeli ol this cainj), one Ruh-jhii jx a-niit iiitrudneed uh a 
contrast. The portly officer is a Russianized Bashkir. 

•3 N 
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pltdned or the principle of certain peculiar submarine conditions, to which allusion 
has already been made (see p. 64). The few which have been discovered, including 
a fine ichthyodorulite' and some small teeth, are, however, quite distinct from the 
remains of fishes of the preceding period. Trilobites, so profuse in the Silurian 
epoch, and so very rare in the Devonian, are also but little developed in the car- 
boniferous age ; two small species only having been found, which are very closely 
allied to the trilobites of the mountain limestone of England and of Belgium. A 
Cytherina, or minute marine crustacean, also found in those countries, has been 
detected at two or three places in Russia, where, as will have been observed, the 
genus is not limited to rocks of this age, but commencing life in the later days 
of the Devonian epoch, its existence was prolonged, as will hereafter be shown, 
into deposits of the age of the Zechstein. 

The Cephalopoda, so numerous and of such varied forms in the* carbonifq^^us 
deposits of the )Vest of Europe, are, on the contrary, very rare in Russia.* Df 
Orthoceratites we are as yet acquainted with two or three distinct species only, and 
Goniatites, unknown throughout the great mass of Russia in Europe, are found 
in certain upper strata only, on the flanks of the Ural chain. To some of these 
we have already alluded, as existing in the grits of Artinsk, but when we come 
to explain the structure of the Ural, and to show the nature of the carboniferous 
limestones on the Asiatic side of that chain, it will then appear, that at a spot 
distant upwards of 2.')00 miles from the British Isles, Goniatites are there found 
(with many other shells) absolutely identical with those of the English and Belgian 
carboniferous rocks. The Nautili are as scarce as other Cephalopods. We iden- 
tified, however, the N. tuberculatus as common to the Ural mountains, Vitegra and 
the Valdai Hills ; and the country of the Donetz afifords the Nautilus Leplayi 
(Nob.). Bellerophons are indeed pretty plentiful, but, four the most part, their 
shelly matter has disappeared, and they are to be observed in the form of casts 
only. A good exception to this remark is that in the Valdai Hills, the Belle- 
rophon clathratus (D’Orb.) and B. depressus (Eich.) were both found in complete pre- 
servation, the former being undistinguishable from British and Belgian species. 

The Brachiopods, and particularly the Product!, abound to such an extent, that 
the mountain or carboniferous limestone, here as elsewhere, might well be called 
“ Productus Limestone.” And what is still more remarkable, the species are almost 


‘ I'liiii ichthyodorulite was found by Colonel Helmersen* 



CARBONIFEROUS FAUNA OF RUSSIA. 


135 


everywhere the very same as Uiose of our own countries. Among the most com- 
mon of these shells are the P. giganteus and P. striatua (both characterizing the 
lower beds), the P. anttquahu and P. punctatua ; all well known as the most com- 
mon forms of the British mountain limestone. 

The Spirifers offer less variety than those of England, and we are not able to 
enumerate more than seven or eight species. The most remarkable and most 
generally diffused is the Spirifer Moaquenaia, which invariably characterizes the 
central mass or white limestone of Russia, and is never found in the lower stratum. 

The most prevalent corals are the CJustetes radiana, Lit/toatrotion Jloriforme\ the 
undescribed species of the English mountain limestone to which we have often re- 
ferred, the Oorgonia retepora, and Retepora laxa. In the Ural Mountains and on 
their flanks, the two latter polypifers are highly useful in enabling us to distinguish 
the carboniferbus from the Devonian limestone, when these rocks graduate into 
each other, and are subjected to the same flexures. Gorgonias and Retepores, we 
may observe, are evidently of the latest creation among the corals of the palaeo- 
zoic rocks, for they occur even in the overlying Permian deposits. 

Encrinitdh are not wanting in the carboniferous limestone of Russia, but they 
seem to be less abundant in it than in England, and the heads or stomachs of 
these animals, by which alone their specific characters can be well determined, are 
exceedingly rare. 

Lastly, the creatures which, approaching to the lowest scale of organization, 
particularly attract our attention as peculiar to the carboniferous deposits of Russia, 
are the Fusulinae, foraminifers closely allied to the genu~ Nonionina of D’Orbigny*. 
Russia is the only country in Europe in which such minute beings are found 
so low in the series of deposits, and there they so abound, that, like the Num- 
mulites of the older tei^iary and youngest secondary deposits, they constitute thick 
masses of rock ; and from the fine lamination ot the strata, seem to indicate the 
existence of a very tranquil sea, during the long time throughout which they 
were accumulatecL We have described such rocks upon the Volga near Samara, 

' Mr. Lonsdalcf had not completed hie examination of the corals whilst these pages were in the press, 
and his account of them will appear in Part III. In the mean time he has decided, that the Lithostrotion 
floriforme must be called L. marciatum, Fischer having described it as Astr(ea emarciata. 

• Whilst these pages are passing through the press, M. Alcide D’Orbigny, having examined the Fusu- 
lina, has enabled us to correct our comparison of this foraminifer (p. 8 7) with the Alveolina, which it 
very much reseml^ps in external form. See description. Part III. 

T 2 
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where, associated with a few other well-known fossils of the system, they almost 
exclusively occupy its upper division ; though in another locality, *a few have 
been detected in the middle beds, with Spiri/er Mosqueruia. 

On the whole, the review of the Carboniferous fauna of Russia indicates nu- 
merous forms which are identical in deposits of the same age in the British Isles, 
North America and Russia; thus affording the strongest proofs, that the condi- 
tions of equable climate which prevailed over enormous areas, during the Silurian 
and Devonian epochs, were continued, in quite as great intensity, during the suc- 
ceeding age. 

As to the bearing of these organic remains upon public utility, we may confi- 
dently say, that by exactly comparing fossils from different and distant localities, we 
have assured ourselves of the precise position of various coal-bearing strata ; and by 
pointing out that the same deposit in one region is entirely void of coal and in 
another is richl]^ charged with that mineral, we have, we trust, helped to solve a 
problem of some national importance. 



CHAPTER VIII. 


PERMIAN SYSTEM. 

Introduction. — Explanation of the word Permian, — Eastern Limits of the Permian 
System along the Slopes of the Ural Mountains. — Lower Limestone and Qypsum 
near Perm.— Coj^er, Grits, Sandstones, Sfc. — Ascending Series of Strata from the 
south-west flank of the Ural to the Environs of Orenburg. — Permian Rocks around 
Orenburg. — Limestones of Grebeni, Sfc., shoton to be the equivalent of the Zechstein, 
8fc . — ■ Conglomerates, Copper beds and Sandstones north and west of Orenburg . — 
Kargalipsk, Obschey Sirt, Sfc. — Transverse Section from Sterlitamak, near the 
Ural, to the Volga on the west, including the Mines of Nijni Troitsk, Bielebei, Sfc. 
— Country between Perm and Kazan. — Sections on the Kama, Volga and Sviaga . — 
Sections of Gypsum and Limestone on the Piana {Barnakuva, Arzamas, &jc .), — 
Western Idmits of the System. — Origin of the Copper Sands, 8fc. 

Having worked our way upwards through Silurian, Devonian and Carboni- 
ferous rocks, we have now to describe the next succeeding natural group. Spread 
out over a larger surface than any other Russian system, the rocks in question, 
with certain overlying red deposits which we cannot yet well separate from them, 
occupy the greater past of the governments of Perm, Orenburg, Kazan, Nijni Novo- 
gorod, Yaroslavl, Kostroma, Viatka and Vologda, a region more than twice the size 
of the whole kingdom of France ! 

Very different opinions have prevailed concerning the age of these rocks, due 
doubtlessly to the varied aspect which the same strata assume in their range over 
so broad an area, and to the limited scale of observation from which conclusions 
have been drawn. The red sandstone and conglomerate of certain districts, with 
small seams of subordinate coal, have led to a comparison with the “ rohte-todte- 
liegende,” whilst the lighter- coloured sands have suggested the idea of the “ weiss 
liegende ” of^erman geologists. Again, the variegated marls and sandstone, with 
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salt and gj^sum, which abound in other parts of the region, have induced the 
belief, that these deposits belonged to the New Red Sandstone or Trias. Long 
ago, indeed, the German miners, who first developed the vtdue of the copper ores 
which are so widely distributed through the sands and grits of Perm and Oren- 
burg, observed an analogy between those beds and the “ Kupfer schiefer ” with 
which they were familiar, as well as between the associated Russian shelly lime- 
stones and their own “ Zechstein These analogies, however, were little men- 
tioned among geologists, and were forgotten with the lapse of years. The fossils, 
indeed, had never been compared, and recently Professor Kutorga, grounding his 
opinion on the character of the plants, had referred the beds in which they are 
contained to the true carboniferous sera. 

Such was the state of the question when we entered upon the survey of Russia. 
To arrive, therefore, at a sound conclusion respecting the age of these rocks, it be- 
came essential to traverse, as far as possible, the countries over which they extended, 
and compare the'phaenomena which had led to such contradictory opinions. The 
result has been, that though these deposits are of very varied mineral aspect, and 
consist of grits, sandstones, marls, conglomerates and limestone, sometimes in- 
closing great masses of gypsum and rock-salt, and are also much impregnated with 
copper, and occasionally with sulphur, yet the whole group is characterized by one 
type only of animal and vegetable life. 

Convincing ourselves in the field, that these strata were so distinguished as to 
constitute a system, connected with the carboniferous rocks on the one hand, and 
independent of the Trias on the other, we ventured to designate them by a geogra- 
phical term, derived from the ancient kingdom of Permia, within and around 
whose precincts the necessary evidences had been obtained. 

With the highest respect for the labours of German geolo^sts upon the Zech- 
stein, and for the researches of those authors who have placed the Magnesian 
Limestone of England on the same parallel, we are convinced, that neither in Ger- 
many nor in Great Britain do the same accumulative proofs exist, to establish the 
independence of a geological system. If mineral characters be appealed to, no 
German writer will contend, that the thin course of “ Kupfer schiefer ” is of like 
importance with the numerous strata, which in Russia constitute many bands of 

' When ve examined this tract we were quite unaware that any German miner had compared its 
limestones with the Zechstein, and we only became acquainted with the circumstance through M. A. 
Ennan, when he visited England in 1842. « 
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various structure; rendering, in fact, the Zechstein itself a mere subordinate 
member of a vast cupriferous series. Subordinate, however, as it is in some 
tracts of Russia, the Zechstein is so magnificently displayed in others, in masses 
of both limestone and gypsum, that it more than rivals the finest sections of that 
deposit, whether in the Hartz or in Thuringia. We object, however, to a litholo- 
gical name, hitherto reserved for one portion only of a complicated series ; and as 
the Germans have never proposed a single term for the whole group, which is 
based upon the rohte-todte-liegende and is surmounted by the Trias, we have 
done so, simply because we first found in Russia the requisite union of proofs. 

We will not occupy time in showing, that the English synonym “ Magnesian 
Limestone ” is a term, the employment of which could only have led to false in- 
ferences ; for our readers who have followed us already know, that both the Devo- 
0 * 

nian and Carboniferous rocks of this country contain large and continuous masses 
of magnesian limestone, often indeed more dolomitic and magnesian than the 
limestone of the rocks we are about to consider. 

For these reasons, then, we were led to abandon both the German and British 
nomenclature, and to prefer a geographical name, taken from the region in which 
the beds are loaded with fossils of an independent and intermediary character ; 
and where the order of superposition is clear, the lower strata of the group being 
seen to rest upon the Carboniferous rocks. 

And now a word or two upon the fossils. Neither German nor English geolo- 
gists have yet proved that the Zechstein or Magnesian Limestone contains within 
it a Flora of its own ; few distinct and well-characi,erized species having been 
found in the Kupfer schiefer and Zechstein of Germany, and none having been 
detected in the Magnesian Limestone of England. A few species of Calamites and 
Ferns, with fucoid-like plants, are, indeed, cited in the tabular list forming part of 
a recent work which has just fallen into our hands'. The geological habitat 
assigned to several of these German plants — “ Zechstein-Sandstein ” — may, how- 
ever, be offered as another valid reason for the use of a general name, as applied 
to this group. 

We may a3d, that even whilst we write, the high authority of M. Adolphe Bron- 
gniart has confirmed our early impression of the intermediary character of the 

' (iea Von Sachsen. Dresden and Leipsick, 1843, in which a commentary by Dr. Adolphe Kurze, with 
figures of two plants, is quoted. See also Munster’s Beitrage, Part I. pi. 4. fig. 5. Some of the species 
referred to in the^ Oea Von Sachsen ’ are unpublished. 



140 


AIDS IN ESTABLISHING THE PERMIAN SYSTEM. 


Flora which we collected in Russia, and to his views we shall appeal, in a review 
of the Permian organic remains, with which the ensuing chapter will be con- 
cluded. In the mean time it maybe affirmed that the existence of plants, approach- 
ing rather to Carboniferous types than to those of the Triassic period (which is the 
opinion of M. Bronguiart), is in harmony with the evidences derived from the 
animal remains, which, whether Mollusca, fishes or Saurians, constitute a group 
perfectly analogous to that which occupies the same geological horizon in Western 
Europe. 

Such then is our apology for the introduction of a new synonym, 'and in the en- 
suing chapters we shall support our reasons for its use. To render, however, 
the term Permian acceptable to German and English readers, we have placed the 
words Zechstein and Magnesian Limestone as equivalents in the Table and Map, 
thus to point out, that beds similar in structure to them, form part bf the diver- 
sified “ Permian l^stem.” 

In our first announcement of this system we believed that it might comprehend 
the rohte-todte-liegende of Germany ' ; but we have since seen reason to modify 
this view, and to exclude (for the present) that German deposit from odr Russian 
natural group. For, if the rohte-todte-liegende should be found to contain (and 
we believe this to be the case) some of the same species of plants as the coal-fields 
of the surrounding countries, that deposit must certainly be considered the repre- 
sentative of the Carboniferous system in that portion of Northern Germany, where 
no other coal-fields exist. At all events, English geologists have not yet been able 
to point out any natural distinctions between the plants of their Lower Red Sand- 
stone and those of the subjacent coal measures ; and as the identification of this red 
sandstone with the rohte-todte-liegende has been admitted, we are compelled to 
avow, that a deposit so characterized can form no part of ajsystem in which the 
plants belong to a peculiar type. In a word, therefore, our Permian system em- 


' See Mr. Morchison’e Letter to Dr. Fischer, Moscow, Sept. 1841, when the teim " Permian” was 
first proposed ; also Phil. Mag. vol. xix. p. 417. In suggesting this name, we had, we confess, forgotten 
that our distinguished friend M. D’Omalius D’Halloy had employed the word “ Penden ’’ to characterize 
all the strata between the “ terrein houiller ” and the “ hunter sandstein.” We adhere, however, to our 
geographical name, not only because it was adopted on the same principle which led to the use of ** Silu- 
rian and Devonian,” but also from our having found in the Permian deposits undescribed organic remains 
and much mineral wealth (copper, sulphur, salt, &c.) ; thus rendering the word '* Peneen ” or ” sterile ” 
quite inapplicable in the present state of our knowledge. 
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braces everything wbidi was deposited betweeen the conclusion of the carboniferous 
epoch, and the commencement of the Triassic series. 

After this preliminary explanation, we have great pleasure in expressing our 
thanks to several scientific friends who aided our labours in the examination of the 
region under review. In the mining tracts near Perm we acquired a knowledge of 
the sequence of the strata through the efforts of Colonel Volkner, the director of 
the Imperial Zavod of Yugansk, and his officers. In the district around Bielebei 
(equally rich in copper ores) we were cordially assisted by Major Wangenheim Von 
Qualen. Shortly previous to our visit, that gentleman had published' a geological 
sketch of the country around his residence, which too plainly indicated the doubts 
under which, in common with all his predecessors, he then continued to labour. 
He had also furnished the Museum at Moscow with a valuable collection of fossil 
shells, plants,* fishes and Saurians, and he further contributed liberally to our 
scientific wants. We are bound, indeed, to say, that without ^his labours and 
the co-operation of our learned and kind friend Dr. Fischer, to whom the best 
of these fossils had been communicated, (and who had indeed published or pre- 
pared many of them for publication,) we could not have arrived at so clear and 
satisfactory a conclusion respecting the age of the Permian deposits. 

In describing the Permian rocks we shall commence with their eastern limits on 
the flanks of the Ural Mountains, and having pointed out their base or junction 
with the carboniferous limestone, we shall then describe parallel, transverse sec- 
tions from the Ural on the east, to the Volga on the west, concluding this chapter 
with an account of the deposits on the right bank of that river. 

Eastern limits of the Permian System . — By inspecting the Map it will at once be 
seen, that the rocks of which we have briefly spoken (and which are there coloured 
light-red, and marked.hy the figs. 4 and 5), are to a great extent surrounded by 
strata of the carboniferous sera, on which, in fact, they repose in the form of a 
vast trough. On the western side of this enormous basin, the country is so 
low and the subsoil so obscured by detritus, that it is difficult to ascertain the 
order of superposition in any direct section. The geologist, however, who ad- 
vances from west to east, convinces himself by independent proofs, that he has 
reached a zone of younger age than any which he has examined on the west and 

• Bulletin de la Soc. d’Hiat, Nat. de Moscou, 1840. Adopting, however, our view* of claisification. 
Major Wangenheim Von Qualen has published another account of the rocks of his neighbourhood, since 
we left Russia, and he now places them on the parallel of the Zechstein. 

V 

0 
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north. He finds, it is true, several lithological analogies between the great 
country of Old Red Sandstone which he has left to the north and west of the car- 
boniferous limestone, and the vast red region in which he 'is at first bewildered; 
but with the discovery of fossils, he ascertains, that zoologically the one red 
region is wholly dissimilar from the other. Comparing the fossils with those of 
Western Europe, he assures himself, that he has entered into a formation higher 
in the series than the carboniferous limestone. 

His next object, therefore, is to explore those tracts wherein the elevation of the 
older strata with which he had previously made himself well acquainted, has been 
such, as clearly to expose a passage from them to the newer strata in question. 
Such proofs were, indeed, obtained to some extent in our first visit to Russia, by 
ascending the great Dwina ; but as the beds are there very horizontal, we shall 
appeal to that section in the next chapter, and in corroboration ohly of the suc- 
cession which is^ more clearly exhibited on the western flanks of the Ural Moun- 
tains. The slight sketch which has been given of the carboniferous rocks which 
occupy the hills on the western flanks of that, chain, will enable our readers to 
understand how they rise out from beneath the Permian deposits, and referring to 
the coloured section (PI. II. fig. 1.), as aflbrding a general view of the order ob- 
served along the flanks of that chain, we shall at once proceed to detailed descrip- 
tions of different tracts, in the governments of Perm and Orenburg. 

Lower Limestone, Gypsum and Copper Deposits near Perm . — ^The oldest beds of 
this system, or those on the western slopes of the Ural Mountains, which succeed 
to the upper carboniferous strata, are well developed to the east of the city of 
Perm, on the banks of the rivers Sylva, Babka, Sira and Gromotucha, where they 
consist of finely laminated, calcareous flagstones, sometimes inclosing small con- 
cretions of white gypsum, at other times charged both with large concretionary 
masses and thin flaglike beds of the same mineral. Some of the calcareous beds 
resemble chalk marl, others are dark-coloured, hard, and somewhat bituminous. 
With courses approaching to chert, and the whole pass upwards into calcareous 
grits, sandstones, conglomerates, &c. 

At Verkni Podvolodchie, the cliffs on the right bank of the Sylva show an as- 
cending section, from flaglike limestones, through concretionary grey calcareous 

rocks, into overlying flagstones and grits, which are surmounted by shales and 
flagstone with plants. 

Near Tchelkanova, on the same river, amorphous masses of gypsum appear on 
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both banka ; wd at Savorochino, gypsam is seen in one cliff, and limestone in the 
other. Again, at Goruchky on the Sylva, there is an ascending section of lime- 
stone, gypsum and calcareous grit ; whilst in other spots, both on the Sylva and 
Sira rivers (Votiaky, Gromotucha, &c.), large masses of grit and marl repose upon 
limestone without the intervention of gypsum. We owe our acquaintance with 
these facts to our friend Col. Volkneri. In ascending the Babka and Sylva rivers 
we found the gypsum still further developed. At Krisolova, the right bank of 
the Babka, 150 to 200 feet in height, is occupied in ascending order by — 1. Large 
masses of gypstlm. 2. Flaglike gypsum and calcareous dagstone. 3. Finely la- 
minated, small concretionary gypsum, with flags of marly grey limestone divided 
both by gypsum and thin way-boards of white chalky marl. 4. Summit composed 
of a tufaceous dolomite passing into calcareous grit. Chert is seen at intervals in 
this neighbourhood, and some of the Courses of limestone are pisolitic, whilst others 
are bituminous. These rocks also occupy the country around the town of Kon- 
gur on the high road from Perm to Ekaterinburg. 

Like most formations, therefore, in which gypsum abounds, the lithological va- 
riations are considerable in very short distances, even where the strata are hori- 
zontal ; masses or large concretions sometimes taking the place of calcareous flags, 
and vice versd. It is somewhat remarkable, that strata containing so much cal- 
careous matter should be so devoid of fossils ; for in none of the localities which 
we examined, could we detect organic remains in these lower gypsiferous lime- 
stones, except at two places ; viz. at Rapoymaya, between the Yugofsk Zavod and 
the river Sylva, where we detected minute Oytherince in a bastard limestone, and 
again near Gorodok in the Tchussovaya river. At the latter place the limestone, 
which is burnt for lime and occupies the plateaus, contains Unionida, shells much 
resembling forms to, which we shall hereafter allude, in describing the country 
further west, and to the north of Bielebei. 

In one place, however, where the ground rises into a little eminence, called Tchal- 
pan, a limestone^ is loaded with small shells, among which theModiola Pallasii and 
the Terebratula elongata are abundant. Although we did not visit this locality, 
and owe ouf knowledge of it to Colonel Volkner and Captain Platanoff, we can 
only say, that we believe the rock may prove to be an overlying mass, similar to 
fossiliferous limestones we shall presently describe, and which are clearly of the 
age of the Zechstein. 

^ Then director of the Imperial Zavods or mining establishments of Perm. 

u2 
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Whilst the limestones, flagstones and gypsum here described are seen in the 
valleys on the east, the plateaus to the west are occupied by cupriferous grits, 
sandstones and shale, which have been largely excavated af several places. These 
rocks have been particularly developed at the Zavods of Yugofski and Motovi- 
lika, and as we were accompanied through them, as well as the adjacent country, by 
Colonel Volkner, who furnished us with sections and specimens, we at once ac-* 
quired an acquaintance with them. These beds, which are pierced by shafts from 
35 to 130 feet deep, consist of thick, flaglike grits of grey and dingy colour, rarely 
ferruginous, sometimes of greenish hue, and occasionally slightly calcareous, with 
courses of red and grey ribboned marl and shale. The ores of copper, chiefly the 
green carbonate, are disseminated at intervals through all the beds, but in this 
district the grits are the most cupriferous. On the whole, the lower beds are more 
grey and dark-coloured, and the upper strata redder. Plants of at least twenty 
species (some of which are figured and will be described in Part III.) diversify the 
series in this loc*ality, and in some of the lower strata they are so numerous as to 
have given rise to thin seams of coal, occasionally from two to three feet thick. 
Concretions, often cupriferous, six to eight inches long, occur here and there, and 
they have been generally formed around carbonized stems of plants. Both here, 
and in other places which we shall hereafter describe, the copper ores are very 
frequently found to be arranged in the interstices, and around the fossilized stems 
and branches of plants, exhibiting passages from the common oxide of copper to 
the grey sulphuret or copper pyrites, and occasionally to the finer varieties of 
bright green acicular malachite, mixed with crystals of the blue ore (Kohlen-Salz 
Kupfer) ‘. 

All these beds are as near as possible horizontal, and consist, we repeat, in 


' The cupriferous beds contain 2^ per cent of ore only, but from the wide dissemination of the 
ore throughout vast masses, its extraction is profitable, though by no means so much so as in the 
copper works of the Ural, particularly those of M. A. DemidofiF, where it is quite in another condition, 
occurring in rich veins and masses amid metamorphic strata, associated with ignSous rocks, as will be 
described in Part II. In the districts near Perm, 108 cubic feet of wood are consumed to extract a poud, 
or about 37^ lbs. English, of copper ore ; and the cutting and converting the wood into charcoal coat 
2| roubles. The pond of copper sells from 32 to 34 roubles, and costs the Government 23, whilst 
individuals whose establishments are not so expensive, produce it at 18 roubles. TTie Imperial Zavods 
near Perm afford 16,000 pouds per annum, and as the net gun per poud is 10 roubles 60 copecks, the 
Government profit is 160,000 roubles, or about £8000 sterling per smnum, after defraying all costs, pay of 
officers included. 
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Mcending order, of grey and dark-coloured shale with plants and coal, grey grit 
and ribboned shale, red and greenish grey grits, and argillaceous marl. 

The whole country* is, indeed, of a red colour, and the surface is usually 
covered with fine gravel arising from the decomposition of a conglomerate in situ. 
Such decomposed conglomerate is made up of various crystalline rocks derived 
from the adjacent Ural chain, among which quartz rock and quartz prevail, with 
syenite, greenstone, &c., and some fragments of the palseozoic limestones. Masses 
of this age, that have been decomposed in situ, are, in fact, very common over wide 
spaces in the governments of Perm and Orenburg, and though in general the im- 
bedded fragments are small, we have met with examples (one in particular at 
Eralskaya-gora, between Ust Kataf and Simsk) where they were large, and which, 
the cementing detritus having been washed away, might almost have been mis- 
taken for erratic blocks of a more modern period. 

On this eastern frontier of the Permian system we did not extend our researches 
further to the north than Solikamsk, a country composed of gity-coloured, flag- 
like limestone, marls and gypsum, surmounted, here and there, by red sandstone 
and conglomerate, occasionally cupriferous. These rocks are rich in salt-sources, 
which have been followed down to such great depths beneath the surface, that we 
are constrained to believe, either that they issue from the very base of the Per- 
mian system, or even from the carboniferous rocks. The analogy of a great mass 
of rock-salt at Illetzkaya Zastchita, south of Orenburg, and which will be described 
in the next chapter, might indeed lead to the belief, that these saline sources have 
their origin in the body of the Permian rocks. When, however, we remember 
that at Starai-Russa, salt-springs, equally copious, rise through the Lower Devo- 
nian strata, and possibly even from the Silurian rocks (p. 45), we are compelled to 
desist from attaching any value to the presence of salt as a geological constant. 
It occurs, in fact, in beds of all ages, and of the truth of this remark Russia offers 
excellent examples (see further observations on salt in the next chapter). 

Western Flank of the 8outh Ural. — Ascending Series near Orenburg . — Rocks of 
similar composition to those we have described near Perm, and having the same pre- 
vailing red colour, succeed to the carboniferous beds all along the western edges of 
the Ural chain. Wherever the nature of the country and the limited time at our 
disposal enabled us to make researches, we found the lowest strata of this system 
to consist of calcareous flags with large masses of gypsum, similar to those upon 
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the Sylva and Babka near Kongur. We shall presently describe the succession in the 
neighbourhood of Sterlitamak, but as the uppermost carboniferous strata, viz. the 
Goniatite grits and flags, are not there visible, and the line of junction is marked 
by violent dislocations (the lower carboniferous limestone being thrown at once 
into immediate contact with tlie gypseous strata), we prefer to transport our readers 
to the southern extremity of the chain, and to point their attention to a very clear 
ascending order, the lower part of which has been already alluded to. It has 
been shown (p. 132), that at the south-western flank of the South Ural the upper- 


22 

W. Girialakaya. Oourmaya HilU. E. 



Conglomerate Red aanda, with concretions Limestone Goniatite flags Carboniferous 

and Muidst^e. and copi>er ores. with gypsum. and grits. limestone. 


most beds of the carboniferous limestone (a) occupying the hills called Gourmaya, 
near the Bashkir village of Kundrofka, are highly inclined, dipping to the 
west. The Goniatite grits and flags (b) are succeeded by other grey and thin 
calcareous flags with large concretionary masses of white gypsum (c), in which 
we observed no fossils, and which perfectly resembled the deposits of the Sylva 
and Kongur. A country composed of red ground follows, and still further to 
the west, are hard, red and green sandstone and flagstone, in parts calcareous, in 
parts a conglomerate, with disseminated copper ore (d). All these strata dip to 
the west beneath other red beds, and in the hill of Girialskaya, the whole group 
is distinctly overlaid by a coarse, red sandy conglomerate (e), having a base of dull 
red sandstone. The materials of this conglomerate have been derived from the 
older rocks of the Ural chain, and vary from the size of peas to that of melons. 
All these masses are inclined at high angles and dip conformably to each other to 
the west ; on the mountain sides at 60® to 70®, and in the lowej hills of Girials- 
kaya at not less than 35® to 40°, the inclination gradually diminishing as the hjlls 
descend into the low country. This section is therefore most clear, »in showing a 
perfect conformability between the Permian rocks and the carboniferous strata 
upon which they repose ; a phsenomenon the more remarkable, as in considerable 
tracts connected with the Ural these deposits are unconformable. 
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Between these hills and Orenburg the country subsides into an undulating 
steppe, in which it is very difficult to trace any regular succession, though dark red 
sandstone with some g^sum occurs, a little out of the high road, and other strata 
contain concretions of impure limestone not unlike “ cornstone.” These concre- 
tions, and the matrix in which they occur, are indeed more like the Lower New Red 
Sandstone of the central counties of England than any other rock to which they 
can be lithologically compared, and in approaching Orenburg we again saw them 
at the little station of Nejinskaya, where the rock is a dull, brown-red sandstone 
with purple streaks. 

At Orenburg, the right bank of the Ural river exposes cliffs of red and light- 
coloured marly incoherent sandstone, and this system of red beds extends over a 
very considerable area to the south, north and west of the city. 

Zone of Zethetein, or Magnesian lAmestone . — Having conducted our readers to 
some distance from the edge of the carboniferous limestone, as seen on the flank of 
the Ural Mountains, and having ascertained, by their high inclination, that many 
of the intermediate strata are of great thickness, we may now state, that on this 
parallel we* met with a band of limestone which is dissimilar in mineral aspect 
from that which is associated with the gypsum near the mountain flanks. Some 
courses of this limestone are perceived near to Orenburg, about four versts west of 
the city, and near the mouth of the river Sakmarka. The upper beds are thin, 
and of light grey colour, but they thicken downwards to courses of eight and ten 
inches of whitish colours. The strata exposed (and they have been quarried to 
shallow depths only) form probably the upper part of the Zechstein, properly so 
called, and they contain Terebratula elongata and another species, with some reed- 
like plants and serpuloid bodies. This rock is here evidently upon a line of undu- 
lation or elevation, for the beds plunge to the south-south-west at 25°. 

About sixty versts, however, to the north, the same limestone is admirably ex- 
posed at a place called Grebeni, and is extensively quarried as a building stone for 
the use of the surrounding country. The hill of Grebeni is on the left bank of the 
river Sakmarka, to which it presents an escarpment of not less than sixty feet in 
height, from*which the beds dip to the east-south-east at an angle of 20° to 30°. 
This portion of the valley of the Sakmarka evidently marks a line of elevation and 
dislocation, for on traversing this low ground to the hill of Palatki, about six versts 
from Grebeni, we found the same limestone in a reversed position, and dipping 
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eastwards at 20®. ITie annexed woodcut will convey a tolerably correct idea of 
the transverse section across this valley. 

(The ipeetator is looking louthwirds.) W.N.W. 

Valley of the Sakmarka. 

Gravel. 


E.8.E. 


Grebeni. 



s 28 . 

FhlntkL 




Umeatone. 


limeatone eoTcndhyaands, marls, &c 


The best beds of this limestone are so copiously charged with broken shells, and 
when worked assume so white a colour, that they somewhat resemble the calcaire 
grossier of Paris, and, like that stone, they are easily chiselled and ring under the 
hammer. The fossils of Grebeni are Productus Canncrini (nob.), Orthis Wangen- 
heimi (fioh.), Avicula Kazanensis (nob.), Modiola Pallasii? (nob.), Retepora Jlus- 
tracea (Phil.), &c. 

In several places along the west flank of the South Ural we met with a succes- 
sion similar to that which is given in the above woodcut. Thus at Visilki, two 
versts north of Gorodok-Sakmarsk, limestone with the same fossils as at Grebeni, 
and in which the Retepora flustracea ? abounds, dips at 20° to the west and by north, 
under grey grits and sandstone, the lowest beds being calcareous and 'containing 
shells {Productus, &c.). In following this section a little to the west, the next 
succeeding beds are found to be composed of red siliceous conglomerate, slightly 
dipping off" at first, but soon becoming horizontal, in which copper ore being 
largely disseminated, has given rise to the mines of Kargalinsk. As in other 
places where copper ore abounds, fossil trees and plants are also of frequent occur- 
rence, and although at the time of our visit we were not so fortunate as to procure 
them, this spot has also afforded many remains of fishes {PaUeonisci), with bones of 
Saurians, &c. To the north of Sakmarsk, at about twenty-five versts towards 
Yemangulova, a section exposes a similar succession from ^an inferior limestone 
through grey grits into red overlying ground, and here the direction is transverse 
to the prevalent strike, and instead of dipping to the east or west, following the 
line of the chief anticlinal which is parallel to the Ural, the stra^ plunge 20^ to 
the north, exhibiting a fracture, at right angles to the main elevation, and in the 
line by which the river Sakmarka escapes from the mountains (see Map). At 
Yemangulova and to the west of that village, a whitish fossiliferous limestone 
occurs, which is capped by sandstone and layers of grey-coloured limestone, the 
whole dipping about 12® north-east. 
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In proceeding northwards from Sakmarsk to Sterlitamak, we no longer met 
with the limestone containing fossils of the Zechstein ; but near the mines of 
Voskresensk (still neareV to the Ural), we were once more amidst cupriferous con- 
glomerates, inclined to the west and reposing upon a white limestone without 
fossils. 

Though our time did not permit us to make many transverse sections, still by 
ascending the Sakmarka, where its course lies from east to west (see Map), we ascer- 
tained, that a considerable tract of red country is there interpolated between the 
zone of limestone with zechstein fossils (just mentioned), and the flaglike and 
upper beds of the carboniferous limestone. The latter forms the outer or western 
edge of the picturesque hills, among which General Perofski, the Governor- 
General of Orenburg, has his summer residence. In our journey, however, from 
Orenburg to \^8kresensk, we necessarily regained the flank of the carboniferous 
limestone, and in its vicinity we again obtained proofs of the existence of a white 
limestone without fossils, as above stated, dipping under and surrounded by cop- 
per grits and siliceous conglomerates. This excursion, therefore, confirmed our 
view of the existence of two calcareous zones, as proved by the section from the 
Gourmaya Hills to Orenburg. We shall presently ofler similar evidences in a 
section from Sterlitamak to the environs of Bielebei, and in the next chapter a like 
sequence will be indicated in the account of our ascent of the great Dwina from 
Archangel to Ustiug. 

In the parallel of Orenburg, we found a system of red grits, marls, conglomerates, 
&c., spread out over the whole country between that city and Samara on the Volga, 
with scarcely a trace of limestone. The higher part of this region, which divides 
those streams from the valley of the Ural, and is known as the Obschey Sirt, is 
not, as some authors supposed, a ridge of crystalline rocks, but simply a low and 
scarcely perceptible watershed, which is traversed by the road from Orenburg to 
Samara, where it consists of red sandstone, in parts hard, solid, and slightly 
micaceous, with subordinate, concretionary beds approaching to conglomerates. 

To the east of the fort of Borsk a natural section of about 100 feet exposes in ascending order the following 
beds: — 1. Solid re^ sandstone. 2. Red shale. 3. Red sandstone. 4. Red shale. 6. Reddish coarse-grained grit 
of some thickness. 6. Red shale. 7* Thin bed of red and green sandstone. 8. Course of conglomerate. 9. Red 
sand with concretions. 10. Red shale. 11. Conglomerate, with fragments and concretions of marl, &c., and 
bones of Saurians. 

In the ensuing chapter we shall treat of the extension of the Permian rocks to 
the south of Orenburg, and into the steppes of the Khirghis, where they are charac- 
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terized by masses of rock-salt and salt springs, and are overlaid by peculiar lime- 
stones unknown in other parts of Russia. 

Sections firom the Flanks of the Ural chain near SterlitarAak, to the Volga on the 
loest.-— In a traverse from Sterlitamak to Ufa we perceived nothing worthy of no- 
tice, except masses of gypsum and alabaster, subordinate to red sandstone, argil- 
laceous limestone and marl. In the environs of Sterlitamak, the lower gypseous 
beds, to which we have adverted as forming the base of the Permian system, are 
not seen on the banks of the Bielaya, which river there meanders in a plain, 
flanked on the east by the outlying hills of carboniferous limestone previously 
alluded to, and which evidently constitute the last echellon, or parallel, of the older 
rocks of the Ural. Between these outliers, however (Tchekatau, &c.), and the 
main body of carboniferous limestone on the east, there is a fine trough of red and 
green marls, with vast masses of gypsum and thin-bedded impure limestone, in 
which we could discover no fossils. The lowest beds consist of flaglike, brown- 
coloured gypsuifl ; in the middle strata occur large w'hite concretionary masses ; 
and the upper consist of thinly foliated, reddish gypsum, inosculating with red 
marl and courses of white and red marlstone. Separated from the main region 
of the Permian deposits and pierced by the anticlinal ridge of carboniferous lime- 
stone above alluded to (see coloured section, PI. IF fig. 1 .), the ascending series 
above these gypseous masses is necessarily truncated ; though the strata we now 
describe are splendidly exhibited in the picturesque hills inhabited by the Bashkirs, 
on the right bank of the small stream Seleuk. To the west of the Bielaya, or on 
the left bank of that river, the beds are denuded or obscured for some distance ; 
but to the south and south-south-east of that town, the carboniferous limestone 
receding eastwards with a partial change of direction in the Ural chain, the Per- 
mian rocks are largely spread out in undulations, upon both banks of the Bielaya, 
so far as that river flows from south to north. 

After leaving the country of gypsum and flat-bedded limestone on the Seleuk, 
similar to that of the Sylva (p. 142), the first beds visible in the low plateaus to 
the west of Sterlitamak, are dull, red, earthy flagstones and sandstones, passing 
to purple and yellowish micaceous sandstone, from one inch to two feet thick, 
which are followed by others, composed of red or purple and grey sandstone 
and grit, undistinguishable from those near Perm, with occasional white conglo- 
merate ; the whole alternating, as seen in some ravines, with red and green 
marls or shale, in which courses of pebbly rock wedge out in one locality and ex- 
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pand in another. After passing over a barren steppe of considerable width, inha- 
bited by Bashkirs, the surface of which is covered at intervals with much black 
earth or “ Tchomozenl,” we first perceived on the sides of a ravine near the 
Bashkir camp of Ilchegulova, about half way between Sterlitamak and Bielebei, 
bands of impure limestone, in parts resembling English “ cornstone,” alternating 
with grey and red grit and shale. In these beds, most of which are flaglike, we 
found the Modiola Pallasii, the Productua Cancrini, and some corals, impacted in a 
dull red matrix, overlying other limestone flags of grey colour and compact struc- 
ture, beneath which are thin bands of smoke-grey and greenish calcareous sand- 
stone and grit. The beds exposed are in all about thirty feet thick, and they 
occupy the summits of the plateaus watered by the Nadir and other rivulets which 
flow into the Dioma. In our journey to the west we perceived that the calca- 
reous matter thickened rapidly, inclining upon the whole to the west ; for we shall 
presently see, that beds containing the same fossils which here occupy the plateau, 
occur at the bottom of the deepest denudations. 

The reader will not fail to observe, that on this line of section, as on that of 
Orenburg (p. 146), limestone with fossils of the Zechstein is not met with, except 
at some distance from the edges of the carboniferous rocks. 

On the banks of the Dioma. this limestone series thickens in fine escarpments, 
composed of strong bands of red and grey grits with plants ; and the latter, some- 
times calcareous, aUernate with courses of fossiliferous limestone. 

This is well seen at Nikefur, on the banks of the Zayakaya, a tributary of 
the Dioma, in cliffs of about 140 feet in height, which expose the following suc- 
cession : — 

Summit. — Bands of white and brownish compact flaglike limestone, with courses of yellow and greenish gritty 
sandstone, with Productus Cancrini (nob.), P. horrescens (nob.), Terebratula concentrica, small Modiola 
and plants, &c. • 

Calcareous grit, with thin courses of fliiit . 

Grey marl with thin courses of limestone. 

Sandstone and grits (with schists of conchoidal fracture forming the laminae of deposit), containing many 
stems of plants. 

Limestone, whitish and grey, in beds of one to two feet. 

Dull red argillaceous beds. 

Base. — ^Thick beds of purple and grey grit and sandstone. 

In all this tract, the limestone seemed to prevail on the summits, and the grits 
towards the bottom of the valleys. 

Further westwards, at Metaftamak, twenty-two versts from Bielebei and west of 

X 2 
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the Zavod of Ussen-Ivanofski (where we first met with our kind friend Major 
Wangenheim Von Qualen), the hills to the north of the little stream, rising to 
not less than 250 feet above its bed, expose so many alternations of limestone with 
sandstone and marl, that we are induced to impress the nature of the series on 
the mind of the reader by the following woodcut. 

In ascending from the rivulet and plain, the first eighty feet (a) are observed in 
a slope which is evidently argillaceous ; for springs burst out where it terminates 
against the escarpment of overlying rocks, just as in the Midland Counties of En- 
gland the line of springs is seen, where the inferior oolite rests upon the lias. 

Above this the following ascending section is observed : — 

24 . 


I. White limeatone, 

A. MarUtonr and ^t. * 

g. Thin course of limestone vonc foot'. 

/. Thick-bedded, fine- grained grey sandstone, with much 
liaise lamination. 

e. Marlstunc, with concretions of it in sandstone, 
d. Maris and argillaceous limestone. 
c. Grits aith many planu. 

6. Thin courses of shelly limestone, alternating with 
sandy grits, in which plants and carhonaceoiu mat- 
ter are found, and in the uppermost limestone, Pro- 
duct! and other fossils. Tins band is loaded with de- 
tached spmes the Productus Cancrini. 

Above this the vertical section ceases, and the slope which leads to the summit 
exposes, first, sandy beds with calcareous grits and argillaceous concretions, grey, 
compact, marly flagstone, thin, red, sandy and marly beds, covered by greyish and 
brownish fiaglike compact limestone. From these sections it appears certain, that 
beds of limestone containing the fossils of the Zechstein, are interlaced with a co- 
pious development of sands, marls, &c., which are loaded with the peculiar plants 
we shall hereafter describe. 

A high plateau, due probably to a great undulation of the strata, rises between 
the Dioma on the east and the Ik on the west, on which the town of Bielebei is 
placed, and to the north of which are situated the Zavods of Nijni and Verkni 
Troitsk ^ In the neighbourhood of these Zavods the structure of the tract is 
admirably laid open on the banks of the river Kidash, which has a short and rapid 
course from east to west, until it falls into the Ik. In passing from Verkni to Nijni 

* These Zavods are managed by our Mend Major Wangenheim Von Qual^, 
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Troitsk, or from east to west, the beds with Producti are seen to be overltdd by a 
very considerable thickness (400 to 500 feet) of white marlstone, flaggy limestone, 
marl and sandstone ; the white marlstone occasionally predominating in the upper 
parts of the hills. We might ofler many detailed sections of the structure of the 
hills around these Zavods. We could not, however, propose any one as a type of 
general succession ; for, as before said, no two sections, made even in the same 
parallel and at very short distances from each other, will be found to agree. As 
the beds throughout the whole of this tract are very slightly inclined, and ap- 
proach as nean to horizontality as may be, with very few signs of dislocation, 
and as the numerous watercourses which fall into the Kidash expose fine natural 
sections, we convinced ourselves, that, for the most part, the variety of structure 
was due to expansions and contractions of mineral matter upon the same horizon ; 
in short, to the system of inosculation represented in the coloured section, PI. IF 
fig. 1 , and in the tabular view which accompanies the Map. 

ITie Productus limestone, in its lowest and thickest beds, is sometimes a hard, 
thick, flaglike magnesian limestone, of conchoidal fracture, splitting into very 
large flags < in some places, strata containing the same fossils are calcareous grits, 
in others they are white limestones. Occasionally they are tufaceous, though 
usually the uppermost beds only assume the latter character, and they are then 
associated with a great thickness of whitish and greenish beds of marl and marl- 
stone, with few fossils, except Modiolse. Sometimes indeed (as at Metaftamak, 
see opposite section), the Producti are found in calcareous grits or sandstones ; at 
other times they are united together in matted masses, and form shelly, tertiary- 
like beds, six to eight inches thick, harder than the strata with which they are 
intercalated, and with which they alternate in escarpments from 1 50 to 200 feet 
high. Again, at Nijni Troitsk, the same shells occur in a brown shale surmounted 
by white limestone, but in no instance have they as yet been found in the over- 
lying beds of cupriferous sandstone and conglomerate associated with the bones ol 
Saurians. This group is also diversified by the presence of flint and chert, which 
occur both in the form of thin continuous layers and small concretions, like those 
of the chalk of Western Europe. The siliceous hands exhibit, indeed, all the 
shades of variety, from a coarse chert to the finest resinous silex, and as in the 
carboniferous limestone of Russia, they sometimes contain fossils. 

The red argillaceous shale styled " leber thon” by Major Von Qualen, contains 
no organic remains, nor have the white marls and tufaceous limestones aflbrded 
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any, with the exception of some beds containing Modiolse, and very rarely a Pro- 
ductus. The grits, sandstones, shales and pebbly beds of this district. very much 
resemble those near Perm, contain many plants of the same fipecies, and also afford 
thin seams of coal, from one and a half, to three and a half feet in thickness. 

The intimate connection of copper ore with the fossil vegetation, similar to that 
described at Perm, is most instructively displayed, particularly at the mines of 
Klutchefski near Bielebei, and at Kargala in the Steppes north of Orenburg. So 
general, in fact, is the connection of fossil wood and copper ore, that the discovery 
of the outcrop of the silicified trunk of a tree often leads the mining-agent to 
follow it into the rock and thereby to detect valuable cupriferous masses. Some- 
times the copper ore interlaces with all the fibres of the silicified wood ; at other 
times it is continuous through a mass of leaves, matted in sand, grit or marl, 
and thus a small nucleus of vegetable matter has often proved a source of con- 
siderable wealth. Where the copper permeates the coaly fibre, it is usually in 
the state of blue* carbonate. As a general rule it may be said, that the sand- 
stone, grit and shale beds in which plants occur, are the great matrix of copper 
ore, and that this mineral is much more rarely found in the white and green marls 
— never indeed in the same quantity, and never, as far as we know, in the pure 
limestone 

An examination of the section from the valley of the Kidash to the adjoining 
plateau of Karlinski, and from thence to the river Ik, must indeed convince any 
one, that the whole of the beds we have been describing constitute one complex 
mineral series, with copper disseminated at intervals ; for at the base of the sec- 
tion on the Kidash, are beds containing Productus Cancrini, in the middle lime- 
stone and flagstones with Uniones or Anodons ; then plants and traces of coal ; 
and lastly, marl, sandstone, partial conglomerate and grit, with bones of Saurians. 

The annexed woodcut will convey a tolerably correct idea of the succession 
visible in one part of these valleys, where the mines are poor, but in which at least 
500 feet of strata are exposed. 

It was in these conglomerates and grits of the plateau of Karlinski (evidently 
in this spot superior to the great calcareous bands with Producti) that some of the 
Sauroid remains described by M. Fischer were found by Major Von Qualen'. The 
Rhopalodon Mantellii (Fischer), on the other hand, was detected in the conglomerate 


See our explanation of the connection of the copper ore with plants at the end of this chapter. 
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N. 

Plateau of Kariintki. 



a. Shale and caleanoua flagitone, with Productus Cancrini and other fouila overlaid by and subordinate to gprey umdstone and grit (b), — c. Thin* 
bedded white marlatone pauing to tufaceoua limestone.— d. YeUowUh calcareous sheUy beds, ten to fifteen inches thick, with white, red and green- 
coloured marls. Thews beds break into large rhombs or septarian masses, and the separating fissures are iiUed with shale. The chief bed is made up of a 
multitude of broken shells, and is divided from the marlatone above and l^elow by a thin pellicle of shale. In the overlying marlstones are Unios or 
Anodons, with stems of ipssil plants.— e. White marlstones of great thickness.-/. Dingy red and green incoherent sands, with some green marl and 
a Uttle copper.— White marlatone with red and green argillaceous marl or shale. This section gives the details on the east side or left bank of the 
little rivulet Karla, which flowing from the plateau of Karlinski, falls into the Kidash, but he who passes oven to the west side of this puny brook wUl 
find very different l>eds at similar levels. Thus, towards the summit on the ^,e8tof the Karla, red sandstone, copper ore, grit and conglomerate abound 
adjacent to and in the very same horizon as the marlstonei Sec. on the east bank. 

at the mine o?" Klutchefskoi, in the arrondissement of Bielebei, forty versts south- 
east of the river Dwina, and near the village of Kargola. In tlie opinion of Pro- 
fessor Owen, to whom we have submitted specimens from these localities, the 
bones from near Troitsk, probably humeri, unquestionably belong to Thecodont 
Saurians, and are more closely allied to the Thecodontosaurus (Riley and Stutch- 
bury), discovered in the dolomitic conglomerate of Bristol, than any known fossils. 
This analogy is, indeed, still more strongly supported by the more characteristic 
and better preserved jaw of the Rhopalodon, which approaching very near to the 
species of Bristol, is quite distinct, in Professor Owen’s estimation, from the 
Cylindricodon of Jager, which belongs to the Trias. 

These conglomerates and grits with fossil wood and copper, occasionally contain 
quartz pebbles as big as turkeys’ eggs, imbedded in a cement which is essentially 
the same as the grey grits of Perm, occasionally a little calcareous j and in the de- 
tailed sections, where4;he mines are much worked, they overlie grey and green shale 
with some plants and coal. 

Believing that most of the phapnomena are to be explained by inosculations and 
undulations, as expressed in the coloured section (PI. II. fig. 1.), still we are not 
prepared to say, that the tract we are now speaking of, and which has been de- 
scribed in detail by Major Von Qualen, is entirely void of faults. The very section 

‘ When we were in this district none of the shells of the limestone had been found in the same beds 
with the Saurian bones, but subsequently our friend Major Wangenheim Von Qualen has detected them 
in intimate association, thus leaving no doubt that all these strata belong to one geological epoch. 
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above given indicates some amount of upheaval proceeding from cast to west, in 
the valley of the Kidash ; and we know, indeed, that north and south dislo- 
cations, and of which we shall presently speak, have affecied the region further 
to the north. We could not, therefore, observe the rapid change, in a very 
short horizontal distance, which takes place in this line of hills, viz. from marl- 
stone and limestone to grit and sandstone, without supposing, that some upcasts 
and downcasts may exist. We still however adhere to the belief, that the great 
lithological complexity of the series is mainly due to frequent inosculations of dif- 
ferent mineral layers. 

In pursuing our examination westwards we observed great concretionary masses 
of gypsum with spacious caverns, beneath escarpments of white limestone, in the 
deeply excavated valley watered by the river Ik. Between the Ik and Bugulma, 
on the contrary, we saw sections of copper grits and sandstones ben^th white and 
yellow limestones, containing corals and minute fossils, which are referred to 
Cytherinae. Towards Bugulma, however, gypseous masses reappear in force near 
the base of the hills. 

A line drawn from Tchistopol upon the north, to Bogoroslan on the South, may 
serve as the western limit to which the chief plant-bearing and cupriferous grits 
extend, for to the west of it no plants have been found, no copper ores are worked, 
and the whole Permian system, with few exceptions, is represented by limestones, 
with shale and marl, or marlstone. Near Tchistopol, for example, when we tra- 
veiled from the west, we learnt our first lesson respecting the intimate connection 
between the grits of Perm containing plants and carbonaceous matter, with bands 
of Productus limestone, as represented in this woodcut. 

26 . 

Tchomozem or black earth over- 

lying other detntua 

— marls, &c 

Strong liands of limestone, with 
Aftifula KazaneiuiM, ProdwtuM 
Canorini, kc. 

Grits, with fossil plants 

We there saw how such beds of grit pass distinctly under limestone with Pro- 
duct!, and how to the east of this, viz. to the embouchure of the Kam^ and at 
Kazan, gypseous white limestone, marlstone, shale and marl constitute the whole 
system. That these rocks are, however, precisely of similar age to those we have 
been describing, is quite evident, for they contun the same species of fossils. 
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Between Bugulma and Samara wide undulations of arable ground, void of trees, 
and composed of red and green marls, inclose at intervals flag-like beds of white 
and yellow magnesian limestone ; and in them near Klevlina, in the valley of the 
little Tcheremcham river, we observed small Lingulse, which we cannot distinguish 
from the carboniferous species Lingula parallela (Phill.). From thence to the west- 
ward the limestones expand, and occupy, for a considerable space, the whole 
country. On the banks of the Sok there are escarpments of white and yellowish 
magnesian limestone, 100 to 120 feet high, exposing beds from four to ten inches 
thick, the streams flowing from which are as limpid as the rivers which issue from 
chalky rocks in Western Europe ; and lastly, the structure of all these western 
plateaus is clearly displayed at the town of Sergiefsk, where this magnesian and 
gypseous series is exposed in the cliflfs impending over the river. 

Again, at the Imperial Baths of Sergiefsk, eight miles east of the town of that 
name, the sections of the hill sides, to the east of the baths, are very clearly ex- 
posed. At the base of the hill issue the very copious mineral ‘sources, a brief 
analysis of which by Dr. Clauss, and given to us by Dr. Flisch, one of the physi- 
cians of the* establishment, is herewith annexed '. These springs issue from bands 

' If we were permitted to judge of the quantity of sulphuretted hydrogen by the smell, we should say, 
that we never met with such strong evidences at any other sulphureous baths, for even at the distance of a 
mile and when the place was concealed from our view by a liill, our noses announced to us the proximity of 
this great healing source, to which 1500 patients were attracted during the summer of our visit. PaUas, 
in describing the chief sulphureous pool of this neighbourhood, speaks of the foetid smell occasionally ex- 
tending three or four versts. — 1st Voyage, vol. i. p. 156. Issuing from four sources, the waters are col- 
lected in a large open reservoir, which is surrounded by ornamental ti les. 

The following is the analysis of Dr. Clauss, of the University of Kazan, of a pint of the water. 


Gas, hydrog. sulfurat 1 *464 

Acid, carbon 2*653 

Azot. 0*477 


Carbonat. calc 1*987 

magnesia! 0*987 

•Muriat. magnesise 0*893 

Sulphat. calcarise 12*920 

magnesise .. .. 1*573 

— kali . . . . 0*360 

natri 0*173 

0*173 

Principii extractivi 0*054 

Summa 20*12 gr. 

Y 
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of whitish limestone, charged with the Productus Cancrini, Avicula Kazanensis, and 
other characteristic forms. Thick bands of magnesian limestone with*yellow sur- 
faces, in beds of three, four, and five feet each, appear on the side of the hill, and 
are overlaid by a dolomitic tufa containing gypsum and siliceous agate-like con- 
cretions, the summit being composed of marlstone, and white limestone as expressed 
in this woodcut : 


27. 



As sulphur was formerly extracted from these hills, we may take this opportu- 
nity of saying, that the whole of the tract between Bugulma and Sergiefsk which 
is watered by the river Sok, has been minutely described by Pallas' as the seat of 
some copper ore, much gypsum, marl and limestone, with native sulphur, sulphu- 
reous and asphaltic sources and lakes. The deposits most charged with sulphur 
occur on the left bank of the Sok and around the spot now fixed upon as the site 
of the baths, but they also extend from the town of Sergiefsk to the confluence of 
the Sok with the Volga, near to which great quantities of native sulphur were 
formerly extracted from the strata, and extensive works were in activity at Sernoi- 
Gorodok. In his description of that locality, Pallas distinctly acquaints us, that 
the sulphur was regularly deposited in marly and gypseous horizontal strata, sub- 
ordinate to limestone, exactly similar to that which we are now describing at the 
baths of Sergiefsk. This circumstance, and the copious issue of highly sulphureous 
as well as asphaltic sources at many points from these rocks, which are regularly 
bedded and in a wholly unaltered condition, may have an inqportant bearing upon 
geological theory. Viewed under one aspect only, these facts might lead us to be- 
lieve that the phaenomena were entirely unconnected with igneous or volcanic phae- 
nomena. In fact, the district of Sergiefsk is not less than 400 versts distant from 
any eruptive rock, and, as above said, the strata which contain the sulphur or emit 
the mineral waters are unbroken and unchanged. 

According to a recent examination of the sulphur deposits of Sicily, by M. Pml- 
lette, a French engineer*, showing that the beds in which the sulphur is contained 

■ VoL L French Edit p. 142 et seq. 

* See ‘ Comptee Rendua k ITnstitat,* May and an able report of M. Dufrenoy. 
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are of the lower tertiary age, he infers that its origin is due to the decomposition of 
gypsum and the liberation of sulphuric acid ; effects produced under the influence 
of the igneous phsenomena to which Sicily has been subject. If this reasoning be 
admissible in regard to the Mediterranean deposits, it may also, doubtless, be 
applied to our Russian strata, in which gypsum, marls, salt, and asphalt are simi- 
larly associated. We think, however, that the explanation of the origin of the 
sulphur of Sergiefsk, which we suggest at the close of this chapter, is, on the 
whole, more satisfactory. Leaving, then, for the present, the consideration of this 
theoretical poiirt, we simply remind our readers, that as geologists we have done our 
practical duty in proving, that the sulphur beds of Russia, the lithological characters 
of which were long ago so well described by Pallas, are included in strata formed at 
the close of the palaeozoic period. 

We did nof examine the banks of the Volga throughout the whole of the remark- 
able elbow which that river makes between Stavropol and Sysran. We have already 
stated (p. 86) that its right bank consists for the most part of lofty cliffs of carbo- 
niferous limestone, and from the details of Pallas we apprehend, that the same 
formation Extends (though for a very short space only), to the left bank of the 
great stream and to the right bank of the Sok (see Map). Pallas, indeed, 
states, that the limestone, which is described by him as containing bodies like 
seeds of wheat (our Alveolinae), forms a promontory in that situation. We 
much regret not to have traced the junction which is probably there visible 
between the gypsiferous, sulphureous and saline Permian deposits, and the upper 
member of the carboniferous limestone, and we invite our successors to develope 
these relations. 

At all those points, however, at which we touched upon the edges of the Volga, 
viz. at and to the ej^pt of Sysran, at Samara, at the mouth of the Ussa, and at 
Ussolie opposite Stavropol, we perceived that the right bank only of the stream 
was composed of cliffs of carboniferous limestone, the left shore being for the most 
part a slightly undulating plain or steppe, which (with the sulphur hills describea 
by Pallas, a continuation of those of Sergiefsk) we place in the Permian system. 
At Ussolie apportion even of the right bank of the Volga, consisting of low grounds, 
the property of M. Davidoff, is also, we believe, referable to the Permian rocks, 
since salt springs issue from the spot. We are further disposed to include among 
the Permian strata a calcareous conglomerate or regenerated rock, which covers 
the carboniferous limestone of the picturesque promontory of Ussolie. This 

Y 2 
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conglomerate, seemed to us to be plastered irregularly upon the flanks of 
the older limestone, and thus reminded us of the junction of the dolomitic 
conglomerate with the mountain limestone near Bristol and in the Mendip 
Hills. A heavy storm, however, prevented us from satisfactorily deciding this 
point. 

Country between Perm and Kazan . — In receding from the Ural chain in a more 
northern parallel than that which we have just described, i. e. from Perm to Kazan, 
the geologist equally traverses a great cupriferous region, the western limits of 
which are about 100 versts east of the latter city. 

In this region limestone is much less developed (at least within short distances of the high road) than in the tracts 
before mentioned. To the east of Ochansk we perceived a hard, greyish limestone, and at the village of Nosdrii 
six versts north-east of Soskofskaya, we met with another variet)% a white and somewhat compact limestone, but 
neither of them seemed to contain fossils. In all the tracts east of the Kama, the same red m^fls and grits prevail 
as at Perm, and the surface is here and there covered with the disintegrated materials of the conglomerates 
before alluded to. Copper ore occurs in a deposit similar to those described at Perm, and of these we inspected 
collections at theZavod'of Yugoshansk, chiefly brought from the mines of Mola-lashinskaya. In these were some 
of the finest specimens of plants, particularly the Calamitea gigas (Brongn.). In the low undulating countr}’ be- 
tween Okansk and Malmish, towards the western limit of the copper region, little of interest is to be observed, 
and the surface is uniformly occupied cither by red marls and sands, or by an occasional pebbly'rock, which we 
found undecomposed at one place only, near Sassnobskaya, where it formed the cap of a hill and was quarried to 
a depth of thirU^ feet. To the east of this the same materials, viz. pebbles derived from the Ural Mountains, 
arising from the breaking up of these conglomerates in place, are strewed about at intervals, just as the detritus of 
the central counties of England has been formed out of the degradation of the pre-existing conglomerates of the 
New Red Sandstone ^ 

Towards the Viatka river, all traces of the conglomerate gradually disappear, and the cupriferous zone is 
succeeded by marls, marlstonc and limestone. From what we observ'ed in the portion of the government of 
Viatka which we passed through, we were not induced to extend our researches northwards to the city of that 
name ; the more so as we were informed, that the country around it contained strata precisely analogous to those 
we are now describing ; and in a previous journey from Ustiug to Nikolsk, we had indeed seen specimens of lime- 
stone, derived from Kotelnitch near Viatka. In descending the Viatka to Malmadish, dark red sandy grits, with 
much false bedding, and containing many flattened concretions of slightly calcareous grit, are interlaced with red 
marls. • 

These rocks, extending to the Kama, are there associated with limestone con- 
taining Zeclistein fossils, as described near Tchistopol (p. 156). Midway between 
Malmadish and Malmish, flaggy limestones overlie the red rocks, and in the same 
district, at the Taischoifski Zavod, we met with a fine section of Magnesian 
Limestone with Producti and Aviculae, of which fifty to sixty feet are exposed, 
covered by red and white and greenish marls, in which some small amount of 

* ^ e were informed by the Oolova, or chief tradesman of Sassnobskaya, that limestone also occurred 
six versts south of his little town. 
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copper ore occurs. This is the westernmost copper Zavod with which we are 
acquainted'. 

Between Malmish and Kazan, the sandstone and grits are exposed in many 
places. At the Tatar village of Salaouch they have evidently been subjected to 
dislocations. The beds of marl at this place, and of hard sandstone at the station 
between it and Malmish, though four versts apart, are both sharply inclined to the 
east-south-east at an angle of 32°. It also appeared to us, that certain bands of 
thinly laminated white limestone and marlstone which form the summits of these 
hills, were horizontal, and consequently unconformable to the subjacent grits and 
marls. The dislocation of these lower beds is an important fact in teaching us 
the westernmost limits to which the disturbing causes connected with the elevation 
of the Ural chain have extended. The horizontality, also, of overlying beds of white 
marlstone anil limestone is no less important, in enabling us to speculate upon the 
age of certain strata, which are widely spread out in the centre of this great red 
basin, of which we are treating. There is a considerable accumulation of these 
overlying materials of marls, sands and tufaceous limestone or marlstone near the 
town of Afsk, offering a section of about 100 feet, in which, however, we found no 
fossils. 

Rocks around Kazan . — The city of Kazan is built upon a succession of thin 
courses of impure limestone, reddish-brown marly shale, &c. Some beds contain- 
ing fossils are seen in a white limestone under the citadel, though the vast denuda- 
tions and enormous accumulations of clay, drift and sand for the most part obscure 
the fundamental rock ; it agciin rises, however, from the plain of the Volga in an 
isolated hill on which a monastery is built, on the right bank of the Kasenka. 

On the right bank of the Volga, however, at a distance of a few versts from 
Kazan, fine bold clifi^ from 250 to 300 feet in height are seen, which will be pre- 
sently described. In the mean time we would advert to the sections on the Kama 
and Volga, to the south of Kazan. 

The section at Smeof, nearTchistopol, alluded to p. 156, clearly exposes beds of 
grit like those of Perm, and charged with similar plants, underlying magnesian 
limestones tontaining Producti and Aviculae, and surrounded by green and 

' ThiB copper work is the property of M. YartsofF, and is worked by M. SakalofF, who gave us a 
cordial reception. The ore which was formerly extracted at this spot, is now chiefly brought from the 
more arenaceous tracts upon the east, the smelting being continued here on account of the value of the 
buildings and the proximity of the limestone, &c. 



162 


SECTIONS OF THE VOLGA AND SVIAGA. 


white marls and marlstone, approaching to a chalky consistence. In following the 
course of the Kama from Tchistopol towards its mouth, a considerable change, 
however, takes place in the structure of the country. The Beds of grit with plants 
disappear, large masses of gypsum succeed, and at Shuran the cliff on the right 
bank of the stream, about eighty feet high, consists in the lowest part of yellowish 
cream-coloured and spotted marly limestone with small spinose Product! (Pro- 
ductus Cancrini). The central portion is made up of limestone as white as chalk, 
of conchoidal fracture, with Modiolse, and thin courses of gypsum covered by a 
sub-brecciated, small concretionary, marly limestone. The uppel* part contains 
white, greenish and reddish marls and marlstone, with a few thin plates of yellowish 
and greenish grit ; upon this lies the ordinary reddish-coloured argillaceous detri- 
tus, which covers large parts of this district, where it is not occupied by the black 
earth or Tchornozem. • 

Near the village of Cliutziski on the Volga, below Kazan, the limestone is seen 
to rise in horizontal beds from the level of the river to a height of fifty or sixty 
feet, and in it we observed many fossils. Among them are Productus Cancrini, 
Avicula antique (Munster), Modiolte and a small bivalve like a Corbula.* Gypsum 
does not show itself in this locality, but is found in abundance lower down the 
stream, and also higher up at Verkni Uslon. The fossiliferous limestone here, as 
in all other parts of this neighbourhood, is surmounted towards the west, where 
the country rises, by red and white and green marls, with courses of marly tufa- 
ceous limestone, which beds are void of organic remains. 

The finest, however, of all the examples of the limestone and its passage upwards 
into the overlying deposits, is offered in the cliffs exposed in the promontory 
which forms the right bank of the Volga at Verkni Uslon, and extends to Sviaga 
near Sviask. This woodcut exhibits, in fact, a transverse seption from Kazan * to 


W. 




Manb. 


Marah. 


28 . 


E. 


Kasan. 



* Borings and sinkings to a considerable extent had been carried on before our arrival at Kazan, in the 
hope of obtaining a purer water than that now in use, and these works passed through various beds of 
liraestone, argillaceous marl, sand, &c. This was one of the many improvements whick were pursued 
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Sviask, a distance of nearly thirty versts. At Verkni Uslon' gypsum (a) occupies 
the lower portion of the cliff in thick sub-concretionary bands, with thin courses of 
fossiliferous white limehtone. These are succeeded by impure limestone and shale, 
and these by bands of grey-coloured harder limestone (6), both strong-bedded and 
flag-like, which rise to a height of seventy or eighty feet above the Volga, and are 
loaded with many fossils, including Productus Cancrini, Avicula Kazanensis (nob.), 
Av. cheratophaga (Schloth.), Modiola Pallasii (nob.). The limestone is surmounted 
(as upon the Kama) by red, green and white marls and sands (c), but they are 
here of a great ‘thickness (150 to 200 feet). They contain thin courses of white 
tufaceous limestone, in one of the lower beds of which, only, we observed 
Modiolm. 

These overlying marls (c) occupy the whole of the upper portion of this promon- 
tory ; for on examining its western face, as you descend upon the river Sviaga, the 
same succession is offered as that which is exposed on the eastern side, or the 
Volga cliffs. The view near the little village of Shevalagheena, a little above 
Sviask, is indeed very striking, as it exposes, in a steep ravine, a thick mass of 
limestone, covered by upwards of 200 feet of finely laminated green, white and red 
marls and sands. Some beds of this limestone are cream-coloured, cavernous, 
and in parts magnesian ; others are grey, even lightish blue, and become, in parts, 
so siliceous as almost to resemble chalk-flints. Greenish-coloured calcareous flag- 
stones also occur, and near the summit of the calcareous mass is a thin course of 
fcetid, dark-coloured, bituminous limestone passing into tufa. The fossils are the 
same as at Verkni Uslon, and among these the Avicula Kazanensis and the Pro- 
ductus Cancrini are the most abundant. 

Sviask, upon the river Sviaga, is built upon an outlying mass of the limestone, 
as represented in the preceding woodcut. The hills to the east or on the right- 
hand of the spectator are those to which we have just alluded, where the limestone 
forms the bottom of the cliffs ; whilst those on the left and in the distance, i. e. to 

with vigour in this beautiful and well-regulated city, in which we were so kindly received, and of which 
we retain the most vivid and agreeable recollections. Alas ! that many of its fine buildings should have 
been recently destroyed by fire ! We rejoice, however, to learn that the calamity did not seriously affect 
the University, which contains most valuable records, antiquities and collections. Under the able direc- 
tion of M. Mussin Puschkin, seconded as he is by some of the ablest professors in the Russian em- 
pire, this establishment is destined to play a noble part in the advancement of knowledge among the 
population by which it is surrounded. 

* Verkni Uslon is the post-station nearest to Kazan on the Moscow road, and just opposite the mouth 
of the river Kaz&ka, which flowing by Kazan, here empties itself into the great stream. 
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the south and west, the limestone having sunk beneath them, are entirely com- 
posed of the overlying marls and sands, which occupy so vast a space to the 
west and north, and of which we shall treat hereafter. The cliff exposed on the 
west side of the town of Sviask, and under the chief monastery, exhibits about 
forty feet of limestone, covered by about ten to twenty feet of sand and detritus, 
viz. 

1. Strong beds of dark grey, bluish limestone, in parts earthy and foetid, with courses of flint. 2. Grey lime- 
stone. 3. Marly argillaceous beds. 4. Impure limestone. 5. Concretionary strata of yellow magnesian lime- 
stone, with nodules of pure flint, in beds from three to fifteen inches. 6. Fissile marls. 7. Thin-bedded, cream- 
coloured, vellow and white marly limestone, with conchoidal fracture. This is the highest bed in situ. The fossils 
are the same as those of Verkni Uslon and Shevalagheena, in short, the characteristic forms of the deposit wherever 
we have examined it. 

The examination of this limestone in the environs of Kazan affords some results 
of interest, for it proves to us, first, that in passing from east to west’the lower beds 
with gypsum gradually disappear, and that the upper masses of the fossiliferous 
rock are eventually lost under a great accumulation of variegated marls and sands ; 
secondly, that in this western portion of its range, the limestone no longer inos- 
culates with sands, plants and copper grits, as in the districts nearer to the Ural 
Mountains, but is a more homogeneous mass of calcareous or pure siliceous matter; 
and lastly, it is evident, that even in the space of a few miles, the beds, though 
containing similar fossils, vary exceedingly in their lithological structure. 

Western and Southern Ldmits of the Permian Rocks in the Governments of Nijni 
Novogorod and Simbirsk. —In reference to the eastern boundary of the carboni- 
ferous limestone, the beds of which with Fusulinae are worked at the village of 
Schwetzi, in the district of Sudovo, thirty to forty versts north-west of Murom, 
we may now obseiwe, that the nearest beds of Permian limestone which we could 
detect are at the little village of Teplova on the river Tiosha. Unfortunately the 
space between these two limestones of different age (about ninety versts) is so ob- 
scured by loose sand, that we found it impossible to discover the succession of 
strata which fill up this interval. In our journey from the west, it was at the 
village of Teplova, about fifty-six versts west of Arzamas, that we first met with 
the limestone of which we are now treating, 'fhe beds at this spot lare yellowish 
(magnesian), marly, and spotted by manganese, with some disseminated concre- 
tions of flint. Though of no great thickness they are quarried for building pur- 
poses. The fossils are neither abundant nor well-preserved, but among these are 
the Retepores, generally found in the range of the system through Perm and 
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Orenburg {Retepora Jluttracea?), the small spinose Product! and casts of Turri- 
tella. • 

Whenever the sandd which cover so large an area around Murom terminate, 
there the limestone shows itself, but as you approach Arzamas from the west, it 
is again hid by a wide spread of black earth (Tchornozem). This handsome town, 
surrounded by the limestone, is built upon an elevated terrace, that decreases in 
height towards the river Tiosha, on the banks of which are yellowish white, con- 
cretionary limestones, covered by red clay and marl. The river runs for a long 
space through similar strata, and it is only on reaching Nova Salki on the road 
to Penza (fifteen versts from Arzamas), that the section is of real interest. Here 
the limestone becomes harder and more regularly stratified, with some finely lami- 
nated, compact beds, separated by thick bands of marl. These upper rocks, about 
forty feet thick, repose upon white gypsum, and are covered by red marls like 
those before alluded to near Kazan. 

Notwithstanding the concretionary character of the beds in*one section, and 
their more regularly stratified appearance in another, it is quite evident, that all 
these masses belong to the same group ; similar fossils being disseminated at in- 
tervals. At Novo Salki they are rare, possibly on account of the large masses 
of gypsum which take the place of the limestone, but around Arzamas we found 
a spinose Productus absolutely identical with a species not uncommon at Hum- 
bleton Hill in the magnesian limestone of England (Sunderland) ; a Terebratula 
closely approaching to the T. Royssii with indeterminable forms of ^pirjfer, Area, 
Sanguinolaria, Modiola,Avicula , Corbula, Turritellc and Pleurotomaria, and a 
Retepore scarcely distinguishable from R. jlustracea. 

The river Piana, to the north-east of Arzamas, affords sections not less instruct- 
ive than those of the ,Tiosha. These localities, long ago described by Pallas and 
since adverted to by Mr, Strangways*, are highly interesting. We followed the banks 
of the river for some distance by the villages of Itshalki, Kniaspavlova, and Barnii- 
kova, and ascertained that throughout this district it runs in Permian limestones. 
The hills on its banks have often very irregular surfaces, sometimes presenting 
great cavitie? due to subsidences, caused by numerous natural caverns of gypsum 
which forms the base of all the limestone of this tract. 

At Itshalki the limestone, near its upper limits, is so charged with fossils, 
that it has completely the aspect of a tertiary limestone, in which the shells are 

' Geol, IVans., vol. i. p. 27. 
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searcely cemented together. This analogy is still more striking when we find that 
the fossils are Retepores, Modiolse, and Ostrete, the latter not easily distinguished 
from the species of more modern periods. The loosely aggregated and detached 
shells which are strewed about as if recently abandoned by the sea, impressed 
us, indeed, so much with the idea of recent deposits, that we could not at first 
bring ourselves to reject the hypothesis of a tertiary basin in this central part of 
Russia. A comparison, however, of the beds of Arzamas with those on the Piana, 
soon convinced us that they were both of the same age and associated with the 
same masses of gypsum and red marl and a closer examination* taught us, that 
the Retepore, which from its colour, isolation and conservation had so fresh an 
appearance, was the same species as that found in the Permian system of other 
parts of Russia. Lastly, we observed Product! and Spirifers in the continuation of 
the oyster beds, containing also the same Retepore and equally lying between the 
gypsum and the red marls. 

The interest attached to these highly fossiliferous strata induces us to offer a few 
more words upon the sections of the Piana. 

Itshalki . — Beneath the red and white marls which occupy the summits of the 
hills at this spot, are seen the shelly beds which vary in very short distances, in 
the state of aggregation of the fossils, and it was in one spot only that we disco- 
vered them in the above-mentioned isolated condition. The lower beds appeared 
for the most part to be the more consolidated. The gypsum is not visible here, 
but from the rapid undulations and circular depressions of the surface, which re- 
minded us of similar forms in the gypseous tracts upon the river Ik, in the govern- 
ment of Orenburg (p. 156), and also in tracts where the same rocks will be pre- 
sently shown to abound near Pinega in the north, we had no doubt that the 
gypsum was immediately beneath us. This locality is unquestionably richer in 
well-preserved shells than any we are acquainted with in the whole range of the 
Permian system, and our successors who may be able to devote a few days to the 
collection of its fossils may probably add new and important forms to our lists. 
In the mean time we have discovered two species of Ostrea, one of which entirely 
disengaged from its hinge, leaves no sort of doubt of the genus to which it belongs. 
It is scarcely necessary* for us to acquaint geologists that up to the present time 
the Ostracese have never been found below the Muschelkalk. The appearance 
therefore of this genus, whose species rapidly augment in the ascending, order of 
formations, and no one of which has ever been discovered in the carboniferous 
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limestone or inferior rocks, whether in Russia or in the west of Europe, is, toge- 
ther with the presence of Saurians, a good zoological reason for distinguishing 
the Permian system from all accumulations of higher antiquity. 

Among the other fossils of Itshalki, the Modiolse are so abundant, that the rock 
might be called “ Modiola limestone,” and it is of great interest to observe, that 
the dominant species so closely approaches to one which occurs near Sunderland, 
that the only difference is in the lesser size of the English specimen. The Re- 
tepores are also abundant, and are all but identical with the R. flustracea of the 
English Magnes'ian Limestone. A smooth Terebratula near to T. elongata (Schlot- 
heim), aTurritella, and a little Natica, very much resembling the N. variata (Phill.), 
are also found here. 

Between Itshalki and Barniikova, and on the opposite bank of the Piana, is 
the little village of Kniaspavlova, near which are hillocks of w'hite gypsum and 
limestone, containing the small Productus Cancrini, with Avicula, Terebratula elon- 
yofa, Retepores, &c. In ascending the stream the masses of white gypsum expand 
considerably, as you approach Barniikova, where they form a cliff not less than 
eighty feet ‘high*. The succession of the strata is precisely similar, how^ever, to 
that of Arzamas. The caverns in this fine mass of alabaster have been accurately 
described by Pallas and Strangways. Though larger, they are, as before said, 
alike in kind to those upon the Ik, and similar cavities will be mentioned in the 
next chapter near Pinega, in the government of Archangel. They have always 
excited the curiosity of the inhabitants and attracted the attention of naturalists, 
but notwithstanding their celebrity, no one had attempted to define the geolo- 
gical age of the rocks in which they occur, before the period of our visit. The 
gypsum, in its pure white and saccharoid condition, appears to have a great de- 
velopment at this place, for besides the vertical wall of seventy or eighty feet, 
the spacious caverns which have been opened out in it do not reach to the ex- 
tremity of the great concretion. In a word, this rock of alabaster is identical 
with masses in*other parts of Russia, and also with those of the same age on 
the south-eastern and southern flanks of the Hartz. It is covered by a calcareous 
breccia inclosing angular fragments of a reddish limestone, and this bed is fol- 
lowed by others, of friable marly limestone filled with shells, particularly Modiol® 
and Ostre®. 

• ThiB cliff is a little distant from the river, and in the grounds of M. KissUeff. now the Imperial 
Charg6 d'affaires at Paris. 

. z 2 
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The ascending section terminates, as is usual in all these districts, with red 
argillaceous marl, containing some small concretions of gj'psum and courses of 
marlstone. The whole of the beds are perfectly horizontal ’ 

We could have wished that our time had permitted us to examine the range of 
the Permian deposits in all other parts of this district. By inspection of the Map, 
however, it will be seen, that they are covered to the south by secondary formations 
(Jurassic and Cretaceous), a fact which we ascertained by passing southwards to 
Simbirsk and Sysran. 

Origin of the Copper Sands and Marls . — It has been more thail once stated in 
this chapter, and a reference to the Map on which the boundary is defined explains 
the fact, that the portion of the Permian strata which is cupriferous, extends for a 
certain distance only to the west of the Ural chain (on the average from 400 to 
500 versts)'. In all the Permian tracts more distant from these mountains, no trace 
of copper ore is to be found. These circumstances alone would naturally lead to 
the belief, that the Ural mountains had afforded the sources from whence the 
mineral matter proceeded. 

As we shall hereafter show that this chain was, in remote periods, the seat of 
processes of intense metamorphism, during which copper veins were abundantly 
formed in the older palaeozoic rocks, we are naturally led to suppose, that such 
operations may have had some connection with the deposit of the adjacent copper 
sands and marls. But in what manner were the latter rendered cupriferous ? Not 
certainly by the degradation of pre-existing copper lodes, and by the dissemination 
of their particles in the adjoining sea, for in no instance do we find such frag- 
ments ; the fact being, that beds composed of similar materials are so impregnated 
with the mineral in one spot and so void of it in a contiguous locality, as to ex- 
clude the hypothesis, that this locally saturated mineral condition can have resulted 
from the grinding down of the detritus of other cupriferous rocks. We are in- 
clined, therefore, to believe, that when the Permian deposits were accumulating 
in the adjacent sea, springs charged with salts of copper were flowing into it from 
the Ural chain, then undergoing a peculiar change of composition, and that such 
springs deposited the greater part of their metallic contents in those portions of 
the bottom of the sea which afforded to them the strongest points of attraction. 

• In the marly, sandy and calcareous tracts forming the left bank of the Volga, copper ores were for- 
merly extracted at no great distance from that river. These deposits were, however, much less rich in 
ore tlian those nearer to the Ural chain, and they have been exhausted. Fallas alludes te copper ores on 
the river Kinel, not far to the east of Samara. 



ORIGIN OF THE DEPOSITORY COPPER ORE. 169 

Now we have stated, that the disseminated copper ore in the regions on the 
west flank of the Ural is invariably most abundant when it is associated with the 
stems, branches or leaves of fossil trees, which formerly growing on the contiguous 
mountains, were doubtless washed down from them before or during the same 
period. If this be a fair statement of the former existing conditions, we have acci- 
dentally been furnished with a modern analogy, which seems satisfactorily to 
explain why the ancient copper sources of the Ural acted so peculiarly upon the 
vegetables of that ancient sera. 

Some years ago a peat bog near Dolgelle in North Wales was found to contain so 
much copper, that certain speculators dug out the peat, and burning it, extracted 
a small quantity of ore. Fortunately for science, some specimens of the cupri- 
ferous vegetables were given to that able geologist and good chemist Mr. A. Aikin, 
who has kindly furnished us with this account of the phsenomena. “ The peat 
was black, compact, and difiered from the ordinary appearance of that substance, in 
containing a few small bits of bluish-green, compact carbonate* of copper. The 
pieces of wood were cylindrical, each two or three inches long, and one inch or 
more in dialneter, in a perfectly sound state, and seemed to be parts of a recent 
branch of oak. The transverse section of these specimens showed bluish or greenish 
stains, indicative of the presence of some salt of copper, and also grains of irre- 
gular form of copper in the metallic state. The copper contained in the bog proba- 
bly originated from copper pyrites (a mixture or compound of the sulphurets of iron 
and copper), forming a vein, or dispersed in grains in some rock so situated, that 
rain-water falling on its surface and there dissolving them, the mixed sulphurets of 
iron and copper derived from the decomposition of the above-mentioned sulphu- 
rets, might flow down into the bog. Bog-water contains vegetable acid and ex- 
tractive matter proceeiiing from the conversion of recent vegetables into peat, which 
substances, together with the carburetted hydrogen gas, evolved during such con- 
version, would be quite adequate to the production of metallic copper and its 
carbonate, especially when assisted by the action of the oxide of iron contained in 
vegetables.” 

This observation has thus, it appears to us, thrown a clear light on the origin 
of the most widely-spread cupriferous deposits hitherto observed in the crust 
of the globe. In no part of this vast copper region is there a trace of a true 
vein, which proceeding from beneath and traversing various strata, might be sup- 
posed to have been formed by igneous or metamorphic action upon strata pre- 
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viously consolidated. , On the contrary, every portion of the ore being interlami- 
nated with the beds, or irregularly diffused, at intervals, throughout them, the most 
rational and satisfactory explanation of its deposit is afforded by the modern ana* 
logy ; the difference consisting in the Russian accumulations not having been 
formed under the atmosphere like that of the Welsh peat bog, but beneath an ad- 
jacent sea, into which the rivers and springs of the primaeval Ural poured their 
mineral contents. 

In adopting this hypothesis, we are, we confess, bound to admit, that a similar 
explanation may be applied to the origin of the native sulphur and also to the 
sulphureous and asphaltic springs which issue from the Permian rocks around 
Sergiefsk (p. 158) ; for as copper ores occur in the same horizon, so is it by no 
means unlikely, that whilst eruptions were in full activity in the Ural Mountains, 
some mineral sources, either connected wdth the igneous operation^ affecting that 
chain, or rising contemporaneously from fissures beneath the adjacent sea, may 
have deposited native sulphur and asphalt, whilst other springs and currents were 
impregnating with copper the surrounding sediments of the Permian epoch We 
shall return to the consideration of this theoretical point in treating' of the Ural 
mountains (see Part II.). 
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PERMIAN ROCKS OF THE NORTH ON THE RIVERS DWINA AND 
PINEGA — OVERLYING RED DEPOSITS OF THE CENTRAL AND 
SOUTHERN REGIONS.— ORGANIC REMAINS AND CONCLUSIONS. 

Sections of the Gypsiferous Rocks overlying the Carboniferous Limestone, on the Pinega 
and Dvnna •Rivers. — Zechstein of Ust Vaga and Kiriloff. — Sections of overlying 
red and green Marls and Sands, with Tufaceous Limestone from Ust-Vaga to 
Ustiug-VelUci. — Sections on the banks of the rivers Strelna and Suchona. — Totma 
and its Salt Springs. — Vologda, Ustiujnitz, 8fc. — Sections on the Volga below 
Kostroma*, and from Jurievitz by Balachna, to Nijni Novogorod. — Relations of red 
Deposits on the Volga to the Limestone of Kazan and Sviask. — Red and Gypsiferous 
Sands and Marls of the Oka. — Fossiliferous red Marls of Viasniki on the Kliasma. 
— Rock Salt and Gypsum of Illetzkay a- Zastchita {Orenburg). — Detached Saliferous 
Rocks in the Steppes of Astrakhan.— Mount Bogdo and doubts concerning its age . — 
Review of the Organic Remains of the Permian System and associated Rocks. 

Having indicated the relations of that member of the Permian series, which 
unquestionably represents the Zechstein, to gypsiferous and other masses beneath 
it and to a wide expjinse of conglomerate, red marl and sand above it, in the 
governments of Nijni Novogorod, Simbirsk, &c., we shall in this chapter offer 
independent proofs of a similar succession on the banks of the rivers Pinega and 
Dwina. A sketch will then follow, of the overlying red deposits in the govern- 
ments of Vologda, Kostroma, &c., showing that they are confluent with those of 
the Volga. Directing attention to similar rocks which extend into the southern 
steppes, we shall next indicate how the masses which are there highly saliferous, 
are overlaid by a peculiar and distinct fossiliferous limestone ; the survey of the 
great red basin under review being concluded with a general account of the Per- 
mian organic^remains. 
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The rocks which are exposed in ascending the river Dwina from Archangel to 
Ustiug-Veliki, a distance of about 600 versts, exhibit, with some modifications, a 
succession similar to that which has been described in proceeding from the western 
flanks of the Ural Mountains to the interior of the governments of Orenburg and 
Kazan. The great band of carboniferous limestone which traverses the Dwina 
above its embouchure, has already been spoken of, and our first point is to show, 
that it is succeeded by newer formations on the south (-Zi ™. ? -C "JLz 

: ; ) In our journey up the banks of the Dwina, we naturally met 

with newer deposits ; for even supposing that the strata, partaking of the very 
great flatness of this region, were entirely horizontal, still in ascending this great 
river for several hundred miles, we inferred, that as we gained a higher level, so 
should we arrive at newer formations. The stream is, indeed, known to have a 
pretty rapid descent, and Ustiug lies at about 300 feet above the sea. While one 
of our parties examined the coasts of the White Sea', the other (so limited was our 
time) explored the river Pinega or eastern tributary of the Dwina *. 

Section of the Pinega . — We will first briefly describe the order on the Pinega. 
In ascending this river, extensive masses of carboniferous limestone, with Productus 
antiquatus, appear at intervals through the drift and sand, and are succeeded at 
the village of Uksenska 5 ’a, by other bands of the same limestone in which many 
other carboniferous fossils occur. Although we had not leisure to ascertain the 
fact, we think it is highly probable that, by exploring the picturesque adjacent 
gorge of the Tinga, a junction might be detected between those carboniferous 
rocks, there very much developed, and certain overlying gypsiferous strata which 
we class with the Permian system. The road, as is usual in Russia, being carried 
over the higher ground and the river flowing in an alluvial valley filled with much 
detritus, we were prevented, throughout a space of about twenty-six versts, from 
tracing all the links of succession ; but on rejoining the stream we observed, at four 
versts beyond the station of Kuzomenskaya, large masses of gypsum occupying the 
clifls, to heights of thirty or forty feet. We ascertained that this gypsum, having a 
small course of limestone subordinate to it, is continuous from this point (fifty- 
five versts south-west of Pinega, to twelve versts above that town),' and we have 
no doubt that it spreads over a considerable region to the north-east. At two 
or three versts above the station of Beschkom, on the right bank of the river, 
the gypsum, in the form of brilliantly white alabaster, forms cliffs, and alternates 

' Mr. Murchison and Count Keyserling. » M. de Verneuil and Lifeut. Koksharof. 
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with courses of limestone. In the latter we sought diligently for fossils, notwith- 
standing torrents of rain and the persecution of myriads of mosquitoes, whose 
numbers seemed to be ^eater than the drops of water in the storm'. The thickest 
course of dividing limestone at this spot never exceeds two or three feet, and 
the rock is very fissile, marly, and void of fossils. On the banks of the river above 
Pinega, the cliff* is composed in ascending order of— 1 . Ten to twelve feet of thin- 
bedded limestone, the bottom beds of which are charged with Turritellae, Aviculae, 
Turbo, and other forms dissimilar from carboniferous fossils. 2. Gypsum, with 
some thin courses of marly limestone. 3. Band of limestone two or three feet 
thick. 4. White gypsum. 5. Red crystalline gypsum. 6. Red and argillaceous 
sandstone, with small intermixed concretions of gypsum. 

In a word, the banks of the Pinega clearly showed (all the strata being hori- 
zontal), that the carboniferous limestone was overlaid by the gypsiferous or lower 
bands of the Permian system. 

Ascent of the Divina. — Limestone with Gypsum, Marls and Sands. — Limestone 
with Fossils of the Zechstein. — Overlying Sands, Marls and Tufaceous Limestones . — 
In ascending* the Dwina, from the same base of carboniferous limestone to which 
allusion has just been made, and after travelling over much sand and detritus, we fell 
in with cliffs of gypsum and thin courses of limestone, exactly similar to those of 
the Pinega. These first begin to show themselves on the left bank, at about three 
versts north of the post-station of Zaborskaya, where the gypsum is both red and 
white. First ranging on the level of the river, these bands rise gradually to about 
fifteen versts from Kaletzkaya, where they form cliffs fr:)m forty to fifty feet high. 
The red courses then disappear, and the whole being pure white, the efiect upon the 
eye is that of a continuous band of snow or ice, surmounted by a dark green line 
of fir-trees, as seen on both banks of a noble river, two-thirds of an English mile 
in width, and for a distance of more than twenty versts. In a word, the Dwina 
here runs in a long gorge of alabaster. 

This gypsum is^then clearly subordinate to the Permian system, being precisely 

* The case containing these fossils was unfortunately lost. We may here observe, that mosquitoes 
constitute the chief impediment to geological research during the hot summer months, in all these high 
latitudes, and particularly where wood and water abound. The hardy natives even are compelled to work 
in cowls, like those of Capucin friars, through which their eyes, nose and mouth only are seen ; and we 
were driven to the use of masks and veils. 

* In this cliflf a large cavern exists> used by the peasants for cellarage and said to be two versts 

- 2 . 
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in the same position in relation to the carboniferous rocks, as the great masses 
described in the last chapter, which flank the Ural Mountains. The following 
woodcut will convey an adequate idea of how these gypsiferous beds (b) overlying 
the carboniferous limestone (a) pass under other beds of the Permian system (c 
and d). The gypsum is occasionally seen to assume large concretionary forms, 
which rise up and cut in dyke-shapes through the horizontal layers. The layer of 
limestone in the centre of the cliff, though often not exceeding a foot in thickness, 
is very persistent, and is marked by containing one or two peculiar fossils, the casts 
of which are sometimes occupied with a pellicle of green earth. The shells are, 
for the most part, Aviculse. These calcareous and gypseous courses are associated 
with and dip under red and green marls (c), which entirely occupy the banks higher 
up the stream, and on the Pianda, a western tributary of the Dwina, we found 
other small flattened concretions of pink-coloured gypsum, subordinate to spotted 
marls and a thick red soft sandstone. 

29 . 

Section of the Dwina. Uat<Vaga. 8. 
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On the Dwina, near Schestozerskaya (where we first discovered overlying mo- 
dem sea-shells hereafter to be described), the lower mass consisted of bands of 
gypsum, coloured by red marls, with white and pure thick-bedded gypsum. 
Still further to the south, other white limestones reappear, and these contain the 
same small Aviculae as lower down the Dwina, with other shells, and finally an- 
other limestone (rf) succeeds, which is exposed both at Shidrova on the Dwina, 
five versts below the mouth of the Vaga, and also on the south bank of that river 
immediately beyond the ferry. 

The strata near the water’s edge at Ust-Vaga, consist' of impure sandy lime- 
stone, in parts almost a dingy, dark green calcareous sandstone, not much 
unlike some varieties of the Lower Greensand, covered by beds of dirty grey 
limestone, loaded with the following fossils, viz. Productus horrescens (nob.), 
Terebratula Schlotheimii ? (Buch.), Calamopor a fibrosa, var. ramosa, all of which 
belong to the trae Zechstein division of the Permian system'. Independent, there- 
fore, of the inference, d priori, that in ascending the Dwina to higher lands, we 
necessarily reach newer strata, it is clear that from the moment we quitted the 

' We ehall afterwaide show how these ancient limestones are covered by bands of blue clay, sands and 
gravel, with existing ^cies of shells of Arctic character, like those at SchestozerskayA* 
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great band of carboniferous limestone, we had been passing over strata dissimilar, 
both in mineral characters and zoological contents, from that well-known rock and 
all the inferior deposits! 

A parallel transverse section across the calcareous zone to Kirilof, north of Vo- 
logda, establishes the same succession, to strata equally unlike the carboniferous 
types as those we have just described ; for a little to the north of the former 
town, the Baron von Meyendorf and Professor Blasius, in a traverse from Vitegra 
to Ustiug*, detected white marls and limestones charged with fossils, some of which 
are identical with those of Ust-Vaga, such as the well-characterized Productus hor- 
rescens ; whilst others are peculiar to this locality, viz. Pentamerus supersies (nob.), 
Spirifer Blasii (nob.), and a Terebratula closely resembling T. Royssii (L’Eveill^. 

We were unable to trace distinctly the steps of a further ascending series into 
deposits clearly characterized by fossils. 

Red Series above the Fossiliferous Limestones. — In travelling up the Dwina, for 
300 versts, we had been led, step by step, as above stated, through deposits unlike 
any of the inferior rocks of Russia, both in zoological contents and mineral struc- 
ture, and oirfurther ascending the stream, it became evident, so horizontal were the 
strata, that the red and green marls and sands which occupied its banks, must 
belong to still younger deposits. After long and fruitless journeys to detect any 
further order of superposition, or any new fossils between the Permian limestones 
and certain Jurassic strata, to be described in the next chapter, it is with great 
hesitation that we place (even provisionally) any portion of the strata in the inte- 
rior of the province of Vologda and the adjacent governments of Kostroma, Nijni 
Novogorod, &c. in a newer system than the Permian, strictly so called (see lighter 
tint of Permian colour on the Map and Table marked No. 5.). 

To enable our readers to judge of the amount of evidence we possess, we will 
now successively describe the natural appearances seen in the ascent of the Dwina 
to Ustiug-Veliki, in a traverse to Vologda by the Suchona and Strelna rivers, in 
an exploration of, the northern and western limits of these deposits, and in a descent 
of the Volga, from Kostroma, to Nijni Novogorod. Lastly, we will show that all 
the masses near the last-mentioned city are continuous with the red strata which 
overlie the Permian limestones on the Volga, and extend to the Kliasma on the 
west. 

• Whilst we were ascending the Dwina in 1840, from Archangel to Ustiug, Baron A. von Meyendorf, 
Professor Blasiu^and M. Zinovief passed direct from Vitegra to Ustiug, where we met them. 

2 A 2 
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The road which leads from Ust-Vaga to Ustiug, runs for some miles at a short 
distance from the Dwina, and the great thickness of the drift sands which here 
encumber the surface prevented our seeing the fundament^ rocks. Reddish cliffs, 
however, showed themselves as soon as we regained the river banks. At Zastrova, 
six versts north of Zaletzkaya, the beds consist of a dullish red and yellowish sand- 
stone, in parts brick red, with traces of fucoid-like casts. These sandstones are 
subordinate to argillaceous red marls which have been, here and there, much broken 
up. The vegetation now begins to assume a more southern aspect, flops are 
seen in cottage gardens, and the larch thrives well on the undulating sandy grounds 
by which you pass from Archangel into the vast government of Vologda. 

Near Larionofskaya, a very poor hamlet, the banks of the Dwina exhibit red marls 
divided by a course of whitish marlstone', and the same features are continued in 
cliffs of some altitude. On reaching the river banks further to* the south, we 
found them to be composed of marls having a conchoidal fracture. We regretted, 
for a time, that we had not further examined the cliffs near Larionofskaya ; but we 
afterwards ascertained, that similar beds extend over nearly the whole province, and 
that we had already passed far beyond their line of junction with the -inferior fos- 
siliferous limestone. Again, for some distance to the south of Soiga, where the 
red marls appear, the country is more than usually covered up, the sands having 
given way to a covering of tenacious, light-coloured, drift-clay. In traversing this 
clayey tract, we speculated on the possibility that a district, in which arable land 
and rich meadows had taken the place of the northern forests, might contain some 
strata of a different nature ; but when we again came upon a denuded portion, the 
same red and spotted marl peeped out again from beneath the fine alluvial mould 
of the surface, occasionally strewed over with northern boulders. The only new 
features were thin bands of a calcareous grit, in parts almost a conglomerate, with 
fragments of flinty slate, &c., which pass into an impure limestone or cornstone. 

The country near the town of Krasnoborsk is much intersected by ravines 
which run from east to west, and in crossing them we examined several sections of 
the red marls, subdivided at intervals by courses of brownish red calcareous grit 
and conglomerate. If mineral character were to be taken as a proof of their age, 
we might say that these rocks much resemble some of the bands in the Lower 
New Red Sandstone of England, particularly in containing yellow magnesian 

' To make a perfect section, we should recommend future geologists to embark at Ustiug, and ie$cend 
the Dwina to its embouchure. 
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cavities, black flicty and quartz pebbles, &c. in a calcareous cement of brown, red 
and green colours. Such beds, in short, might represent some of the equivalents of 
the Dolomitic conglombrate in Worcestershire ; and we must allow that, after all 
they are not unlike certain strata which in the previous chapter we have enu- 
merated as Permian. 

In our examination of these conglomerates, we could detect no fragments of 
the carboniferous limestone, which might be expected to exist in accumulations 
of posterior age. Yet here we must caution our friends who have studied the 
earth’s surface in the dislocated and elevated regions of the west only, where hard 
and crystalline rocks abound, against the adoption of such reasoning; for 
on the northern limits of this region, the greater portion of the carboniferous 
limestone is a soft and tertiary-like deposit, which, from its horizontal and un- 
broken condition, can never have afforded any quantity of solid detritus. It would, 
therefore, be unreasonable to look for fragments of it in the conglomerates which 
make part of the red deposits by which its edges are conformably overlaid. The 
great breaking up of the surface of this limestone and the transportation of its 
flints, to which we shall hereafter allude, took place long afterwards, and is con- 
nected with more recent geological phenomena. 

The tracts around Ustiug, as laid open by the rivers Suchona, Dwina, &c., are 
all composed of sands, red and green marls, and white tufaceous limestones. 
Silicified trees, sometimes of great size, are found in the sands, and these, we 
believe, are similar in kind to those in Perm and Orenburg, to which we have 
previously alluded*. No copper ore, however, is associated with them. 

Sections of the Strelna and Suchona rivers. — Salt Springs of Totma, 8fc. — ^The 
chief distinctions in the great masses of red and green marl, which are seen in 
ascending the banks of the river Suchona from Ustiug to Vologda, are thick 
bands of dull whitish, argillaceous limestone, very much resembling the bands 
which occur in the Lower New Red Sandstone, as well indeed as the cornstones of 

' lliough Ustiug is not yet a city of the first class* it seems well entitled to be so considered, both 
from its buildings, active population, fine situation, and as being the real metropolis of a vast country. 
In an instructive statistical chart of Russia, recently published by the Baron A. von Meyendorf (our com- 
panion in this portion of our tour), Ustiug is signalized as a mart of manufactures, particularly of cut- 
lery, locks, ornamental boxes, and linen woven and printed by the peasantry. In very ancient times, 
the art of enamelling upon copper seems to have been practised here, derived probably from intercourse 
with China. But we must not enlarge upon such topics in this work, however we were gratified by our 
reception in the hospitable and flourishing town of Ustiug. For all such details we refer to the highly 
useful labours of Baron A, von Meyendorf (see his new Statistical Map of Russia). 
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the Old Red system* of the British Isles. The river Strelna offers vertical 
cliffs, 200 feet high, and the Suchona, into which the former falls, runs be- 
tween banks not less than 240 feet high, of which the following may be taken 
as a generalized section in ascending order. Red flaglike marl with conchoidal 
firacture. Cornstone or earthy tufaceous white limestone, in irregular sub-con- 
cretionary thin beds, burnt for lime, but containing no traces of shells. Red 
and green marls alternating for a great thickness in a beautifully ribboned arrange- 
ment. Courses of very impure concretionary limestone. Red and green marls 
repeated. The whole is capped by drift and blocks. These diversified marls, with 
calcareous courses, occupy the whole territory, and to recapitulate sections would 
therefore be useless. They are invariably so void of fossils that they obtained from 
our friend Baron A. von Meyendorf the significant name of “ calcaires muets ” 
(mute limestones ‘). 

At Totma and several other places, these red deposits are the source of salt 
springs, and gypseous strata are passed through in the sinkings. At Vologda the 
substratum is obscured by a vast spread of detritus, which extends over the western 
side of the government, and ranging up to the eastern water-sheds of the Valdai 
Hills, and the lakes near Vitegra on the north, hides all the subjacent rocks. It 
was in vain that we explored the country, in a long and laborious circuit, extending 
westwards from Vologda to Tcherepovetz and Vesegonsk, and thence to Mologa j for 
the whole of this tract is so covered by sand, gravel and northern detritus, that we 
never could detect the subjacent rocks. Red marls appear, however, from beneath 
this mass near Rybinsk and other places, and also on the Unja river near IVlakarief, 
though they are hidden again under detritus, at the beautiful city of Yaroslavl. 

In descending the Volga from Kostroma to Nijni Novogorod, the red marls, 
though frequently covered by detritus, are seen to occupy the banks for long 
spaces, surmounted, here and there, by shale of the Jurassic series, which we shall 
presently describe. At Krasnoe Pojeni, near Pies, twenty to thirty feet of finely 
laminated and spotted red and green marls, with occasional geodes of harder green 

' See Silurian System, p. 55. Similar bands have been just alluded to in the sections north of 
Ustiug, p. 170. 

* A party of our first expedition, consisting of the Baron A. von Meyendorf and M. E. de Verneuil, 
traversed the country to the south of Ustiug by Nikolsk, and found it to be essentially the same as that 
which we are now describing, until they fell in with overlying Jurassic sl^cs at Makarief on the Unja 
river (see Map). At the same time Mr. Murchison, accompanied by Lt. Koksharof, made the wide range 
by Vologda, Tcherepovetz. Mologa, Rybinsk and Yaroslavl, alluded to in the text 
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marlstoae, and some courses of sandy mottled flagstones, which from their concre- 
tionary tendency, run into the form of pot-stones, are covered by Jurassic shale, 
with Ammomtes, Belemnites, &c. So conformably does the Jura shale here repose 
on red and green marls, that when we first saw this section (1840), we were led to 
consider the latter as the Keuper ; but a further examination of the banks of the 
Volga below this point, by Pies to Kineshma and Yurievetz, convinced us that, on 
the whole, the surface of the red deposits is uneven and irregular, the Jurassic 
shale being at one spot on the level of the river, and at other places high above the 
red marl. We therefore concluded (independent of the non-existence of Lias in 
Russia), that there was no regular sequence of deposits, but, on the contrary, that 
a long interval had elapsed between the respective accumulations of the red ground 
and the black Jurassic shale. 

At Christofion the Volga, below Yurievetz, and a little above the small town of 
Katungo, the marls fold around and dip away from a great concretionary mass 
of white limestone, which rises through the strata, to at least fifty feet above 
the stream. This limestone, which is almost pure white, is of subcrystalline 
structure, with a splintery and conchoidal fracture, contains here and there im- 
pure smaller concretions of marl and less pure calcareous matter, and in parts 
assumes a laminated structure. Slickenside polish and scratchings are frequent 
on the sides of the joints, which, together with the convoluted broken condition 
of the adjacent marls, through 
which the calcareous mass pro- 
trudes, demonstrate the great 
power of concretionary action in 
modifying the form of strata, 
and in producing all the appear- 
ances of upheaval and disloca- 
tion from beneath. Associated 
with this concretion are courses of rose and white coloured gypsum, numerous red 
and white, small, calcareous concretions, and occasionally brown and red calcare- 
ous grits, in .which we searched long and fruitlessly for traces of organic remains. 
Some of the beds are micaceous, and thin courses of irregular concretionary flag- 
stone are to be detected. 

At Balachna, still lower on the Volga, the red and green marls with gypsum, 
give rise to copious salt-springs, in the deepening of which the strata have been 
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pierced to a depth of upwards of 400 feet. At Nijni Novogorod, where the Oka 
unites with the Volga, the right banks of both rivers offer splendid sections, in cliffs 
from 300 to 400 feet in height, of finely ribboned, red and 'green marls, with sub- 
ordinate courses of soft gritty flagstone, and soft yellowish sandstone, almost in the 
state of incoherent sand. The magnificent new roads which descend from the 
Kremlin to the lower town or fair, and the formation of the grand esplanade over- 
looking the Volga, have admirably laid open the strata. But notwithstanding these 
advantages, rarely to be met with in Russia, we were not able, after an assiduous 
search, to observe any organic remains, except a very minute bone, probably 
belonging to a fossil fish. The extraordinary subsidences to which these incoherent 
cliffs are subject, and the deep transverse furrows {avrachs) which cut through 
the table lands, give the fullest insight into the mineral characters of these rocks. 

Sections of Red Marls and Sands on the Volga below Nijni, and on the Oka and 
Kliasma Rivers. — The sections of Kazan, Sviask and the Dwina (see woodcut, 
p. 162), having jjroved that limestones with the Zechstein fossils subside under a 
group of marls, with courses of tufaceous and impure limestone, precisely similar 
to those of the governments of Vologda and Kostroma, we have now simply to 
state, that all these masses are confluent, and that they spread over the central part 
of this red region. They occupy, in fact, the whole of the high lands on the 
right bank of the Volga between Kazan and Nijni Novogorod, and are traceable 
still higher up that river as stated, nearly to the city Kostroma. In ascending 
the Oka, the great tributary of the Volga, the same rocks are quite as largely 
developed to the parallel of the town of Gorbktof ; and on the right bank of the 
river we find them ranging as far as Viasniki, beyond which they are lost upon 
the west, under heaps of detrital matter which obscure their junction with the 
inferior deposit of carboniferous limestone. These marls, sands and tufaceous 
limestone are obscured, as before stated, by the same detritus, all along the eastern 
limits of the great carboniferous region of the Northern Governments. 

Let us first simply describe the features of such rocks on the Lower Volga above 
Kazan and on the banks of the Oka and Kliasma. Between Sviask and Tchebok- 
sar on the Volga, two and more courses of the tufaceous limestone* from twelve 
to fifteen feet each in thickness, and beds of two to three feet, are subordinate to 
ribboned and spotted marls, exactly similar to those described on the Suchona. 
One of these limestones differs only from the other, in being a little darker and 
more compact; for both are essentially what would be called tufaceous. The 
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marlstoae passing into limestone is pierced throughout by innumerable small 
cavities whidh branch and cross each other, and whose internal faces, invariably of 
a dark tint, contrast strongly with the white-coloured body of the rock. Occasion- 
ally these limestones are of a cream colour and a more compact structure, with 
conchoidal fracture, and they then very much resemble what in England would 
be called freshwater limestone of secondary and carboniferous dates. We can aver 
that we have broken countless specimens of these tufaceous limestones on the Volga, 
the Suchona, the Dwina, &c., and have never yet been able to detect the trace of 
a fossil in them, nor in the marls with which they are associated. 

At Tcheboksar the section in ascending order consists of — 

1. Red marls. 2. Greenish and chocolate-coloured concretionary calcareous grit, resembling on first inspection 
a conglomerate, but in reality more like those beds in England which both in the Newer and Older Red systems we 
know to have been formed by concretionary action (cornstones) . 3. Marls, brick-red and green, of considerable 

thickness. 4. Marls in which the courses of tufaceous limestone and marlstone prevail. 5, Slightly micaceous 
sandstone with red marl, &c. ^ 

To the west of Tcheboksar some of the deep ravines expose cavernous limestones 
similar to thpse before described, surmounted by strong bands of brownish calca- 
reous grits and flagstones, and thence to Nijni the same system is continued, ex- 
hibiting certain slight lithological variations only. At Nijni, as before described, 
the group becomes much more arenaceous. 

At Nerinski on the Oka, sixteen versts south-west of Nijni Novogorod, the cliffs 
expose a band of thin-bedded gypsum, resting upon small-grained, finely laminated 
sandstone, the rippled surfaces of the strata being separated from each other by a 
thin pellicle of greenish grey marl very much resembling certain beds in England 
in the younger part of the Trias ; whilst in the upper part of the cliff, ribboned, red 
and green marls and white tufaceous marlstone, sometimes of delicate pink tints, 
abound. The gypsum* of Nerinski is very different in composition and aspect 
from any which we observed in the inferior strata of the governments of Perm 
and Orenburg, or on the Dwina and Finega ; some parts of it being lamellar, 
others fibrous, of various colours, from pure white to dark red. In other beds of 
flaglike sandstones, gypsum is disseminated in minute, brown, glassy concretions 
about the size of peas, w'hich resemble small looking-glasses set in a dull matrix. 
When these flagstones are broken up for use (and they are the only solid stones 
around Nijni Novogorod), the small concretions gUsten in the eye like fish- 
scales, and when they disintegrate, the surface of the roch has a peek-pitted op- 

pearanee. A little further, however, along the cliff the gypsum swells out and 

* 3 ,B 
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forms masses a foot or two in thickness. Mineral milk, or fossil leather of mine- 
ralogists, formerly recognized in these tracts by Strangways, Fischfir and other 
writers, occurs here, and was also observed by us at intervals between Gorbktof 
and Viasniki. 

At Viasniki on the Kliasma and in the ravines to the east of the town, there is a 
clear section of marls, sometimes slightly micaceous and sandy, with other beds of 
light red and green colours, very finely laminated, overlaid by blood-red, incoherent 
sands passing into sandstone, yellowish sands and marls, and variegated, highly cal- 
careous grit. In the light red, variegated marls towards the middle of the clifi^, and 
in a ravine to the north of the high road, we detected a profusion of microscopic 
crustaceans resembling Cytherinae, associated with a small flattened bivalve shell, 
having the general form of Cyclas, and these, as before said, are the only organic 
remains with the exception of a very small (fish ?) bone observed near Nijni and 
now unfortunately lost, which we have been able to detect in these widely spread 
red strata of such very persistent lithological characters. 

After thus describing the chief distinctions of these marly deposits, it will be 
seen, that although they overlie the beds with Zechstein fossils, ‘yet as they 
agree in position and mineral character with other members of the Permian group 
of the governments of Perm, Viatka and Orenburg, in which Permian plants and 
thecodont Saurians occur, we cannot rigorously exclude them from that system. 
We have not indeed any sort of evidence to prove, that the masses we are de- 
scribing constitute a portion of the Trias of Europe, or that they can be placed in 
parallel with the New Red Sandstone of the British Isles ; but knowing as we do, 
how long a period elapsed before any characteristic organic remains were disco- 
vered in the Bunter Sandstein of Germany, the gres bigarrd of the French, or in 
the New Red Sandstone of England, and how much longer a term passed before 
that rock was separated from the Keuper, we think we act in the spirit of true ob- 
servers by leaving this mass under the name of Upper Red Sandstone, thus simply 
considering it a great and copious cover of the Permian system. • If, in the sequel, 
fossils should be found, which connect a part of these deposits either with the Per- 
mian system or with the Trias, we shall not have taken any step to* prevent such 
collocation by merely stating the fact, that this variegated group overlies the Zech- 
stein strictly so called. On the whole, however, we confess we are disposed to 
view these variegated sands and marls like those of Orenburg as a part of the Per- 
mian system. 
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Whilst we have noted the existence of rock-salt in the Permian system, as well 
as of numerous saline springs, the latter only are known in the overlying marls and 
sands, and we have before stated, that these saline springs rise from great depths, 
both at Totma in the government of Vologda and at Balachna on the Volga above 
Nijni Novogorod. It is well, therefore, to bear in mind this circumstance, since 
it induces us to believe in the probable existence of subterranean masses of rock- 
salt in deposits of higher antiquity than those in which they, for the most part, 
prevail in Western Europe. Hence also it is to be inferred that salt-wells may be 
sunk with effect on the Artesian principle, in many parts of a vast basin which 
we have shown to be surrounded by older deposits (see Map). 

Permian Rocks south of Orenburg . — In the south-eastern region where rocks 
of this age occur, we perceived that along a certain line, Permian limestones 
similar to tho^e we have before described, are thrown up in isolated hummocks or 
cones, the strata of which are often highly inclined. Such a line of disruption has 
been traced from north-north-east to south-south-west, and slightly divergent from 
the chief axis of the Ural. The hills of Grebeni afford, as before said, a good 
example of 'these dislocations, and to the south-south-west of Orenburg, in the 
steppe of the Kirghis, we met with a fresh example of them upon the same line 
at Mertvi-sol (or the dead salt) (see Map). This little elevation is also interest- 
ing, as it afforded us the best means of forming our conjectures respecting the 
geological age of the great adjoining masses of rock-salt and gypsum which occur 
at Illetzkaya-Zastchita. 

These hills present beds of limestone perfectly undistinguishable from the Per- 
mian limestones (a) of Grebeni and other places, and which plunge to the east under 
the red grit of Orenburg (6), with traces of copper ores. Beds of white gypsum oc- 
cur, partly in the form,of Selenite (c) and partly dark-coloured and compact. From 
these gypsum beds a brine spring issues, which, as it cannot be derived from waters 
traversing the overlying red strata, probably rises from rocks of the same age as 
those which we have described at Sergiefsk as the seat of so much saline matter. 

31 . 

• Limeatone Hills. Mertvi-sol. 


Salt springs. 

This limestone of Mertvi-sol contains the same fossils as that of Grebeni, viz 

* 2 B 2 . 
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the Modiola Pallasii, Retepora Jlustraeea, var. ? closely allied to a species of the 
Magnesian limestone of England, &c. &c. 

Rock-Salt at Illetzkaya-Zastchita in the Steppes of the Kir ghis. — Freezing Cavern. 
— Our readers of this chapter having been already fatigued with lithological de- 
tails, we will now endeavour to relieve such monotony by a short episode, which 
embraces an account of a very remarkable phsenomenon. 

It was in the early days of an unusually hot and parching month of August 
that we travelled from Orenburg to visit these famous salt-works, and were driven 
at a furious pace over the parched up and undulating steppe to the south of that 
city. Passing through caravans of Bukharians and Chivans, journeying to and 
from the great Russian entrep6t, the pretty little green oasis of Illetzkaya-Zast- 
chita at length broke upon the sight. Its groves of trees, its fort, and well-arranged 
buildings (diversified by mounts of gypsum not unlike, in miniature, the " buttes 
de Montmartre ” near Paris), announced the most remote of the Imperial esta- 
blishments in this wilderness. 

With the exception of the fossiiiferous limestone in the adjacent hills (and of 
which we have just spoken), the whole of the tract is made up of reddish, sandy 
marl and whitish gypsum, amid which materials, the rock-salt appears as a vast, 
irregularly formed mass. The protrusion of certain points at the surface, had long 
ago led the Kirghis, or original nomadic inhabitants of the soil, to use the salt ; but 
it is in latter years only that the Russians, regularly occupying the spot, have laid 
bare a large portion of the mineral. By sinkings in the neighbourhood they have 
further ascertained, that undulating at slight depths beneath the surface, the rock- 
salt extends over an area having a length of two versts and a width of rather more 
than an English mile. Selecting one of the most favourable situations within this 
space, for the open work ; i. e. where the ground rises to a little height above the 
ordinary drainage, the Russian miners have now exposed a broad surface of salt 
and have cut into the rock to the depth of about seventy feet. This mass is cry- 
stalline, of white colour, without a stain, and so pure, that the salt is at once 
pounded for use without any cleansing or recrystallizing process. Upon first view- 
ing this bright white mass from above, we were impressed with tile notion that 
it was composed of horizontal beds ; but on descending into the quarry, we found 
that this appearance was caused by the method employed to extract the salt. 

The reader who would bring these features to his mind, must first imagine an 
open quarry, from which the upper portion of the salt had been removed, with 
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men at work on different horizontal stages. Long lozenge-shaped pieces in pro- 
cess of extraction at different levels are seen to be divided from the mass, by 
lateral, vertical joints, which have been cut open with the hatchet. The block, 
thus squared, is then completely separated from the body of the rock beneath, by 
heaving against its free end a huge beam of wood, which swings upon a triangle 
and is worked to and fro by a company of the miners. Owing to the crystalline 
and brittle nature of the substance, a few violent jars only of this battering ram 
are required to sever the mass from the parent rock, and thus a vast amount of 
labour is saved, which at Wieliczka and other salt mines is employed in the ex- 
traction of the mineral'. This process of side-cutting and horizontal battering 
necessarily produces in the body of the salt a direct resemblance to many stone 
quarries, with their natural joints and floors. 

Other external circumstances, resulting from existing causes, are worthy of notice 
in this great salt quarry. The upper surface of the salt having been corroded by 
long-continued atmospheric action of the rain-water and melted snow which 
percolates through the thin cover of red sand and marl, the result has been the 
formation bf a number of needles, which are good miniature representatives of 
the snowy “ Aiguilles ” of the Alps. Again, on that side of the quarry which 
has been worked to the greatest depth, and is now abandoned, the atmospheric 
action, smoothing away every irregularity, has left a vertical glassy cliff fifty to 
sixty feet high ; and, lastly, the water lodged against its base during the spring 
period of Russian debacle, has excavated and dissolved the salt to the height of 
the spring-floods, leaving a dark cavern, over which the saline mirror seems sus- 
pended, and hanging from the bottom of which are stalactitic crystals of salt. 

Having stated that the floor of this immediate district consists of rock salt, it is 
natural that every pond of water, supplied either by springs which rise up from 
beneath, or by rain-water which rests upon or communicates with the salt, should 
be intensely saline. Such is the case, particularly in a natural pool of bright, 
transparent, greenish water, which is used by the natives as a salubrious bath *, 
and in which myriads of small animals, peculiar to brine springs, are seen in lively 
agitation. 

' It is well worthy of notice, that Russian ingenuity accomplishes by a sudden stroke, a line of clean 
separation aimiUr to that which an Austrian minor labours to effect during many days with his pickaxe 
and other tools. 

* We bathe4in this natural pellucid brine-pit, and had great difficulty in sinking the body. 
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R'eezing Cavern. — ^Besides the floor of salt, this spot is marked by two or three 
gypseous hillocks, one of which, on its south side, assisted by artificial* excavation, 
is employed by the inhabitants as a cellar’. This cavern has the very remarkable 
property of being so intensely cold during the hottest summers, as to be then 
filled with ice, which disappearing with cold weather, is entirely gone in the win- 
ter, when all the country is clad in snow. 

Standing on the heated ground (the thermometer in the shade being then at 
90®Fahr.), we can never forget our sensations, when the poor woman to whom the 
cave belonged, unlocked a frail door, and let loose a volume of such piercing cold 
air, that we could not avoid removing our feet from the influence of its range. 

We afterwards, however, subjected our whole bodies to the cooling process, by 
entering the cave, which, it must be recollected, is on the same level as the 
road-way or street of the village. At three or four paces from the door, on which 
shone the glaring sun, we were surrounded by the half-frozen quass and provi- 
sions of the natives, and a little further on, the chasm (bending slightly) opened into 
a natural vault about twelve to fifteen feet high, ten or twelve paces long, by seven 
or eight in width. This cavern seemed to ramify by smaller fissures into the body 
of the little impending mount of gypsum and marl. The roof of the cavern was 
hung with undripping solid icicles, and the floor might be called a stalagmite of ice 
and frozen earth. As we had no expectation of meeting with such a phsenomenon, 
we had left our thermometers at Orenburg, and could not, therefore, observe the 
exact degree of cold below the freezing point. The proofs of intense cold around 
us were, however, abundantly decisive for our general purpose, and we were glad 
to escape in a few minutes from this ice-bound prison, so long had our frames 
been accustomed to a powerful heat. 

In considering the peculiarity of the circumstances attendant upon this freezing 
cavern, we are not yet, we admit, sufficiently provided with accurate data. If, 
as we were assured, the cold is greatest within when the external air is hottest and 
driest, that the fall of rain and a moist atmosphere produce some diminution of 
the cold in the cave, and that upon the setting in of winter the ice disappears en- 
tirely, then, indeed, the problem is very curious. All the inhabitants positively 

’ This phenomenon ought, correctly speaking, to have been considered in the concluding chapters, 
where the existing causes are referred to ; but it is so intimately linked on, we conceive, to subterranean 
influence and the subsoil of the tract, that we prefer to speak of it in this place. 
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a dh ered to this statement, and the expression of the peasants was, that in winter 
they could sleep in the cave without their sheepskins. 

In our hurried visit we could do no more than request the authorities to look 
carefully to this point during ensuing winters, and to preserve thennometric re- 
gistration of the changes in the cave, in relation to the external air. In the mean 
time, the simple fact which was presented to our senses was quite sufficient to 
create the utmost surprise. 

Our first attempt to afford an explanation of the phsenomenon, was by sup- 
posing, that the chief fissure opening downwards, communicated with a floor of 
rock-salt, the saliferous vapours of which might be so rapidly evaporated or changed 
in escaping to an intensely hot and dry atmosphere, as to produce ice and snow. 
If this or some such subterranean process were admissible, then the apparent 
connexion befween the intense cold within the cave and the great heat without, 
might, we thought, be explained. Finding, however, that our geological chemistry 
was doubted by some persons, we submitted the case to Sir Jo&n Herschel, and 
he kindly endeavoured to solve the problem by reference to ordinary climatological 
causes only. The following is an extract from a letter addressed by him to Mr. 
Murchison : 

“ That the cold in ice-caves (several of which are alluded to in a part of this 
letter not published) does not arise from evaporation, is, I think, too obvious to 
need insisting on. It is equally impossible that it can arise from condensation of 
vapour, which produces heat not cold. When the cold (by contrast with the ex- 
ternal air, i. e. the difference of temperature) is greatest, the reverse process is 
going on. Caves in moderately free communication with the air are dry and (to 
the feelings) warm in winter, wet or damp and cold in summer. And from the 
general course of this.law I do not consider even your Orenburg caves exempt ; 
since however apparently arid the external air at 120° Fahr. may be, the moisture 
in it may yet be in excess and tending to deposition, when the same air is cooled 
down to many degrees beneath the freezing-point. 

“ The data wanting in the case of your Orenburg cave are the mean temperature 
of every month in the year of the air, and of thermometers buried, say a foot deep, 
on two or three points of the surface of the hill, which, if I understand you right, is 
of gypsum and of small elevation. I do not remember the winter temperature of 
Orenburg, but for Ekaterinenburg (only 5° north of Orenburg) , the temperatures are 
given in Kuppfer’s reports of the returns from the Russian magnetic observatories. 
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If any thing similar obtains at Orenburg 1 see no difficulty in explaining your 
pbsenomenon. Rejecting diurnal fluctuations and confining ourselvesr to a single 
summer wave of heat propagated downwards alternately with a single winter wave 
of cold, every point at the interior of an insulated hill rising above the level plain 
will be invaded by these waves in succession (converging towards the centre in the 
form of shells similar to the external surface), at times which will deviate further 
from mid'Winter and mid-summer the deeper the point is in the interior, so that at 
certain depths in the interior, the cold-wave will arrive at mid-summer and the heat- 
wave in mid-winter. A cave (if not very wide-mouthed and very airy) penetrating 
to such a point, will have its temperature determined by that of the solid rock 
which forms its walls, and will of course be so alternately heated and cooled. As 
the south side of the hill is sunned and the north not, the summer- wave will be 
more intense on that side and the winter less so ; and thus though the form of the 
wave will still generally correspond with that of the hill, its intensity will vary at 
different points of each wave-surface. The analogy of waves is not strictly that of 
the progress of heat in solids, but nearly enough so for my present purpose. 

“ The mean temperature for the three winter months, December, January, Fe- 
bruary, and the three summer months, June, July, August, for the years 1836, 7, 8, 
and the mean of the year, are for Ekaterinenburg as follows ; — 


1836. 

1837. 

1838. 

Winter. 

- lO^-SS R. 

- 12°-90 

- 12°-37 

Summer. 

+ ir-90 R. 

-1- 12°-93 

-1- 12°-37 

Annual Mean. 

+ l°-22 R. 

+ 0°-30 

-t- 0°-60 

Mean. 

- 12°'07 R. 

+ 12^*40 R. 

+ 0°-70 R. 


i " 

— 



•f 4°-83 Fahr. 

4- 59°*9 Fahr. 

+ 33°-57 Fahr. 


“ The means of the intermediate months are almost exactly that of the whole 
year, and the temperature during the three winter as well as the three summer 
months most remarkably uniform. 

This is precisely that distribution of temperature over time which ought under 
such circumstances to give rise to well-defined and intense waves of heat and 
cold ; and I have little doubt therefore that this is the true explanation of your 
phsenomenon. 
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“ I should observe, that in the recorded observations of the Ekaterinenburg ob- 
servatory, the temperatures are observed two-hourly, from eight a.m. to ten p.M.f 
and not at night. The mean monthly temperatures are thence concluded by a 
formula which I am not very well satisfied with ; but the error, if any, so intro- 
duced must be far too trifling to affect this argument. The works whence the 
above data are obtained are ‘ Observations M^t^orologiques et Magnetiques faites 
dans rint^rieur de I’Empire de Russie,’ and ‘ Annuaire Magn^tique et M^t^orolo- 
gique du Corps des Ing^nieurs des Mines de Russie,’ works which we owe to the 
munificence of the Russian government, and which it is satisfactory to find thus 
early affording proofs of utility to science in explaining what certainly might be 
regarded as a somewhat puzzling phaenomenon, as it is one highly worthy of being 
further studied and being made the subject of exact thermometric researches on the 
spot, and wherever else anything similar occurs.” 

” P.S. Thermometric observations in the steppes, of the mean monthly tempera- 
ture of the soil at different depths from one to 100 feet (at Forbes’s intervals), would 
be most interesting. At Ekaterinenburg the mean temperature of the air being 
36°'6 Fahr., lio permanently frozen soil would probably be reached, but a very little 
more to the northward that phaenomenon must occur. 

“ The ‘ thinning out ’ of the frozen stratum would be most interesting to trace, 
but in thinning out by decrease of latitude it might possibly at the same time 
‘ dip’ beyond reach, all above it being occupied by soil subject to the law of pe- 
riodic frost and thaw, and giving room under favourable circumstances to ice- 
caverns, pits, or galleries. What determines the disiinct definition of the hot 
and cold alternating layers is the exceedingly peculiar form of the curve of the 
monthly temperatures as given in the tables above referred to.” 

In thanking Sir John. Herschel for his efibrts (amid his numerous important re- 
searches) to explain the wonders of our cave of Illetzkaya, we think it right to 
state, that even his explanation has to contend with some strong local objections. 
The little hillock of gypsum, for example, not exceeding 1 50 feet in height, and 
of an irregular conical form, is the seat of other rents and openings, no one of 
which, as we were informed, contains snow or ice. Why therefore does our cave 
present this exceptional phaenomenon ? How indeed are we to imagine that a six 
months’ wave of cold shall affect a cavern in a small mount, and not the subsoil 
of the surrounding country ' ? Again, if there be no connection between the hot 

' Although they*have no direct application to our case of Illetzkaya, we moy state that the phesno- 
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ftnd arid external air and the formation of the ice, why is the latter lodged so 
near the southern face of the hill on which the rays of the sun (veiy powerful 
in this latitude) are beating for some months ? 

The observations of Pallas throw some light upon the problem. In visiting 
Uletzkaya-Zastchita, he described this mount of gypsum, and stated that the 
Kirghis inhabitants of his day were in the habit of throwing votive offerings into 
a large open fissure of great depth which formerly existed at its summit. This 
opening was, it appears, closed up before the visit of the great naturalist, though 
he fails not to record a saying current among the people, that when open, a man 
(tempted by hope of gain or from curiosity) was let down by cords and ea^perienced 
insufferable cold beneath. The accuracy, therefore, of the account given to Pallas by 
the natives has been in great measure substantiated through the phaenomenon 
made known by a lateral opening at the base of the mount, which evidently did 
not exist at the time of his visit, for he makes no allusion to it. 

We may also state, that this author mentions similar caverns at Indersk, still 
further to the south, in which he experienced intense cold ; and far from being 
surprised like ourselves at such a pbsenomenon, he simply adds, that it is one of 
usual occurrence in caves of gypsum. On this point, however, we must observe, 
that as far as our experience goes, there is no natural connection between gypsum 
in its natural state and cold, for neither the large caverns in that rock described 
by us upon the Pinega in latitude 64°, nor the caves of the Ik and Barniikova 
(pp. 156, 165, and 173, note 2), contain ice or snow in summer. 

But to revert to our own case, has solid ice existed for ages in this mount of gyp- 


niena of the permanently frozen soil at ^'akutsk, to wliich Admiral Wrangel and M. Baer directed atten- 
tion, have not yet been adequately inquired into. In travelling through Ustiug, in 1840, we met with 
the engineer who conducted the sinkings of the shaft and from him we 16arnt — Ist. That with the ex- 
ception of about sixty feet of alluvial soil, the pit, to a depth of 3.30 feet, was sunk through strata 
of limestone and shale with some coal — the limestone being peculiarly hard and in beds from two to 
six feet thick. 2nd. 'lliat none of the sinkings took place in the summer months on account of the 
foul air. 3rd. That when Admiral Wrangel descended the shaft, the surface being then burnt up by the 
summer sun, the thermometer below w'as 6'^ Reau. below' zero. As new inquiries into this interesting 
phaenomenon have been instituted by the Imperial Government, we shall merely state, that in reference 
to our case, there must be a striking difference between the climate of Yakutsk and that of the steppes 
south of Orenburg, both os to the length and heat of the summers and the intensity of winter cold. 
Yakutsk, situated in N. lat. 62^°, suffers under a winter cold of 39*^ 2' cent, below zero. See the valu- 
able table of climatology published by Baron Humboldt. • Asie Centrale/ vol. iii. p. 102. The eminent 
geographer states, however, that he has no sure data for Orenburg, vol. iii. p. 556. * 
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gum both when open from ite summit and without such aperture ? Is it, on the con- 
trary, a phsenomenon which changes with the seasons, as the inhabitants declare ? 
If so, is it susceptible of explanation by climatological changes, as attempted by 
Sir John Herschel ? or is it to be accounted for by an union of meteorological 
and chemical causes? Avowing our incompetency to explain the true nature 
of the changes by which the result was produced, we were about to state, that in 
clinging to our original belief, or some modification of it, we left the problem to 
be solved by others. Whilst, however, these pages were passing through the press, 
the facts having been accidentally mentioned to our friend Dr. Robinson*, he ex- 
pressed an opinion which induced us to elicit from him the following ingenious 
explanation : — 

Your revise Jias reached me, where I am luckily able to refer to the account of Monte Testaceo 
which I mentioned to you at Parsonstown, and which you will find in the first volume of Nicholson’s 
Journal, 4to series, page 229. If you examine it, you will, I think, agree with me in thinking that the 
principles applied by Nicholson to explain these phsenomena, nearly as you appear to have done in the 

first instance, are suflicient for llletzkaya.” ** First suppose the hill rifted with fissures so as 

to let air percolate all through it, and that this net- work of air-passages communicates with the cave 
below, and above with vertical fissures communicating towards the summit of the hill with the external 
atmosphere. During winter the air contained in these fissures is warmer than that without, it will there- 
fore rise and escape, being replaced by an equal mass of cold air. This being warmed by the rock with 
which it is in contact, will escape in its turn, and thus an inward current will be felt in the cave till all 
the rock which it can roach or influence is cooled down to the winter temperature. In spring the current 
will be reversed ; it must still be of the temperature of the rock through which it passes, and will thus 
reproduce in summer the cold which had been stored up in winter, till the rock attains the summer tem- 
perature and the action is intermitted. Some cold must be lost, as I have hinted, by the transmission 
of central heat, but still a very small mass of rock will supply an immense mass of cool air. 1 do not 
know whether the specific heat of gypsum has been ascertained ; but suppose it the same as of lime, and 
every cubic foot of it in the hill will cool 150 cubic feet of air to the same degree. Assume the hill to 
be a pyramid whose base is ji quarter of a mile and 150 feet high, this would supply eighty-five feet every 
second for six months, which seems more than sufficient. But secondly, this hill may communicate 
with extensive caverns or fissures full of air, extended horizontally, and within the reach of the trans- 
mitted influence of winter and summer. In the former they and the air they contain will be cooled ; 
but when the influenee of the latter reaches them, it will expand the air, and this escaping by the cave 
will add its cooling powers. Such seems to be the case in some of the Italian caves, but I think the sup- 
position scarcely required at lUetzkaya. As to the degree of refrigeration, it obviously depends on the 
winter temperature ; but I would expect it to be increased by the evaporation. The materials of the hill, 
saliferous gypsum, must dry the included air completely, as their affinity for water is considerable ; on 
the other hand, after a spring thaw, we must expect to find the earth of the cave which is near the 
surface saturated with moisture ; and it is easily shown that arid air, even at or below 32°, will be 

’ Astronomer of Armagh, and Member of the Royal Irish Academy. 

• 2 c 2 
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cooled still lower under such oiroumstances, besides that some heat may also he absorbed by its ex- 
pansion. De Saussure, in a calcareous cave, found, June 29, 1771, the external thermometer 79^° 
Fahrenheit, while that in the cave was but 37^° ; and as this was in Italy,*! think we may assume that a 
much greater depression would have been produced had the climate been like that of Orenburg. Whatever 
you may think of my attempt at explanation, it is at least to be hoped that your Russian friends will ere 
long obtain for you the necessary data as to climate and conduction, without which we are but guessing 
in the dark. A couple of thermometers sunk in the ground, and a journal of the state of the cave, seem 
especially necessary.” 

Ingenious as are the explanations of Sir John Herschel and Dr. Robinson, we 
still think that they do not completely solve the problem. Some persons have, 
indeed, thought that very different explanations might be proposed, by reference 
to the artificial production of ice and snow, one very remarkable example of which 
occurs in the mines of Schemnitz in Hungary'. But we are not yet sufficiently 
acquainted with all the features of the case of Illetzkaya, and apologizing to our 
two distinguished friends for having drawn forth their opinions before such data 
had been got together, we pass to other subjects, in expressing our hope, that the 
Russian authorities will soon procure for us the knowledge of the facts, without 
which no accurate induction can be made. 

Saliferous Rocks and overlying fossiliferous Limestone of the Southern Steppes . — 
In the lower steppes adjacent to the Caspian, or in that wide expanse which we shall 
afterwards describe, as having a surface covered with sea-shells, the older rocks 
similar to those of Illetzkaya rise to the surface like small islands. These islets 
are composed of red sand, marl, gypsum and limestone. Saliferous sources also 
rise to the surface at their feet, and occasion the formation of adjacent salt lakes 
and saline incrustations — even forming deposits of rock-salt in some of the deeper 
depressions. 

As examples of these isolated hills we may cite Mount Indersk and its associated 
salt lake, the gypseous elevations near Gourieff, the saliferous hills of Arsagar, the 
Great and Little Bogdo, and the gorges of red grit from which the salt rivulet flows, 
which supplies the Lake Elton, so useful to Russia as a great storehouse of salt-. 

The Indersk Hills, which we did not visit, extend for about forty versts along the 
left bank of the river Ural, and are composed, like all the other hillocks which 
emerge from beneath the steppes of Astrakhan, of gypsum, marl and sandstone 
with saliferous springs. Near the lake of the same name, Pallas also remarked 

‘ See Ure’s Dictionary of Chemiatry, 2nd edit., p. 290. Art. ‘ Caloric.’ 

' For an account of the source of Lake Elton, consult the Researches of M. Gdbel the chemist. 
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beds of grey colour, containing Ostreae and Belemnites, and recently Colonel Hel- 
mersen has distinctly jascertained, that these strata are of the same age as the 
Jurassic formation, to which we shall presently advert as occurring in many parts 
of Russia. 

Mount Bogdo . — Having already stated, that we have no proof of the existence of 
rocks of the age of the Trias in the central region of Russia, it becomes our duty to 
ascertain, if there be not a representative of some member of that system in the rocks 
of Mount Bogdo, which rise up as isolated hills in the steppe of the inner horde of 
Kirghis, on the left bank of the Volga. 

No locality has undergone more changes in the estimate of its age than this 
famous mount, and it was therefore visited by one of us ' with the view both of 
making a correct section and to collect the fossils which it contains The graphic 
description of Pallas, had the fossils which he collected been preserved, might 
have long ago enabled geologists to form nearly as accurate a conjecture concerning 
the age of these hills as that which we are now enabled to make ; for he informs 
us that their base, composed of saliferous masses, salt lakes, red and green sands, 
&c., is surmounted by limestone charged with shells and ammonites. 

Notwithstanding this ancient description, we find the most recent authorities 
exceedingly at variance in interpreting the age of these deposits. From an ex- 
amination of a chambered shell which they contain, M. Von Buch surmised that 
they might prove to belong to the Muschelkalk, and more recently Professor 
Eichwald has referred the deposit to the Silurian system ! 

We shall first endeavour to show that the latter opinion is untenable, and that, 
though not yet fully established, the opinion of M. Von Buch is much more likely 
to prove correct. 

Great and Little Bogdo . — The two contiguous hills of Bogdo are pretty nearly 
similar in composition. The little Bogdo is a low ridge stretching from north- 
north-east to south-south-west. At its northern extremity, a natural section exposes 
red sandstone dipping to the east at about 30°, surmounted by a whitish lime- 
stone, composed of angular, breccia-like fragments of a compact and hard nature, 
and forming masses so like ruined buildings, that the simple inhabitants seriously 
believe them to be such. The calcareous beds are covered by greyish coloured 
gypsum, and in their eastward dip, these strata are met and cut off by limestone 


• Count Kcyserling. 
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inclined to the west, thns showing a transverse line of fault ; the gypseous mass 
occupying a symmetrical depression. 

The greater Bogdo presents analogous phsenomena of succession, but on a larger 
scale. Being the highest point in all this region, and also remarkable for its pecu- 
liar vegetation and living animals, it has attracted both the superstitious worship 
of the nomadic tribes who live around it, and the special attention of every scien- 
tific traveller who has approached it, including Falk, Pallas, Gbbel and Evers- 
mann. Modern geologists, however, are chiefly acquainted with it through a few of 
its fossil remains. Pallas, who visited it three times, describes the succession of 
the beds and their neighbourhood, with an exactness which we cannot too much 
admire in the ‘ De Saussure of Russia,’ and he cites a remarkable Ammonite which 
has recently been described by M. VonBuch. The resemblance of this fossil to a 
characteristic Ammonite of the Muschelkalk, seemed to the latter author to indi- 
cate the existenoe of that formation in Russia. 

Professor Eichwald (who has not visited the spot) has recently published a short 
memoir, in which, in addition to an extract from Pallas, he gives the description 
of a true Orthoceratite supposed to have been collected at Bogdo by M. Gbbel, a 
fact to which Colonel Helmerseu had previously alluded. As the very circum- 
stantial and minutely detailed voyage of G<>bel makes no allusion to the finding 
of anv such body, and as the collection on which Professor Eichwald has formed 
his conclusions was sent from Dbrpat, we cannot but think that one of the true 
Silurian Orthocerata of Esthonia, so abundant in the collection at that university 
(see p. 33), has been transmitted to the Professor at St. Petersburgh through mis- 
take or inadvertence. We searched most carefully for fossils on the spot, and the 
result of our labour was the acquirement of about twelve specimens of the Ammonites 
Bogdoanus and other shells, none of which resemble in tfie least the Orthoceras 
described by Eichwald. In describing the matrix or rock in which his Orthoceras 
is imbedded, that author mentions the existence of green grains, which is to us a 
convincing proof, that he had simply before him a portion of the chloritic Silurian 
limestone of Esthonia j for we can positively assert, that the limestone of Mount 
Bogdo contains no such matter. Hence we presume, that the common Orthoceratites 
vaginatus of the Silurian limestone of Esthonia was not found at Bogdo, and con- 
sequently that Professor Eichwald’s conclusion, that this mount is of Silurian age, 
is without foundation. With all respect for his authority, we are also bound to 
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state our conscientious belief, that Professor Eichwald is in error, when he sup- 
poses that the Ammonitts Bogdoanus has a ventral siphon, an opinion which induced 
him to name the shell Clymenia Bogdoana. We have distinctly ascertained, that 
the siphon is placed exactly as in the Ammonites and Goniatites. 

But to resume our account of these singular outliers of the steppe. According 
to the Baron V. Humboldt, the summit of the greater Bogdo, of which the annexed 
woodcut is a section, is 537 English feet above the ocean, and hence upwards of 
600 feet above the Caspian Sea. The beds dip south-west about 30®, and there- 
fore in an opposite direction to the chief masses of the Little Bogdo. 

The base of this hill consists of saliferous strata of argillaceous marl (a), from 
which brine-springs issue and deposit solid banks of salt in the adjacent lake ; beds 
of the thickness of a foot being sometimes formed in a single year. Gypseous 


. 

S.W. Mount Bogdo. N.K. 



courses occur, and marl so red that it is used as paint by the natives. To these suc- 
ceeds a considerable thickness of sandstone, the lower part of which (6) is soft, 
friable, and thin-bedded, and the upper (c) is a reddish grit, occasionally coarse- 
grained and hard, and containing rose-coloured quartz, Lydian stone and small 
striated concretions. Above these strata is a sandy, red and white argillaceous 
marl (d), which, from the alternation of courses of white marl, has a ribboned 
aspect, and this rock* in which Pallas found some salt, has a thickness of about 
200 feet. The summit is composed of a grey-coloured limestone (e) of about 100 
feet thickness, which divided into flags, has certainly very much the aspect of 
Muschelkalk. Near its base it is loaded with a great Gervillia ; and higher up 
with casts of a Perna, which in the general outline has some analogy with the 
Inoceramus rostratus of the Jura limestone (Goldf. pi. 115. fig. 3.). 

On the opposite side of the hill we found, in addition to the Ammonites Bogdo- 
anm, a compressed Mytilus somewhat resembling the Af. eduUformis of the Mus- 
chelkalk, and small bivalves which may be referred to the genus Donax. The ge- 
neral character of these fossils, so very diflferent from those we have observed in 
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any other part of Russia, and the entire absence of palaeozoic forms*, seem to 
conspire with the order of the strata, to lead us to consider this limestone of the 
steppe of Astrakhan, as a stage in the geological series superior to the Permian 
system, and which has not been observed in any part of Russia properly so called 
(see Map). 

We are very far from believing that these upper beds are Jurassic, both because 
we have not found among them any of the fossils which characterize the strata of 
that age in Russia, and also because the limestone of Bogdo is very dissimilar to 
any beds of that epoch with which we are acquainted. 

If, after all, the exact geological horizon of the limestone of Mount Bogdo is 
uncertain, our researches have, we trust, limited the range of formations to 
which it can be referred ; for it is now ascertained to be younger tjian the great 
body of the Permian and older than the Jurassic strata. Looking, therefore, to the 
“ facies ’’ and dominant character of the fossils, and seeing that the limestone in 
which they lie passes gradually downwards into saliferous rocks which form a 
part of the Permian system, we are disposed to approach very nearly to the opi- 
nion of M. Von Buch, and to think that if not the equivalent of the Muschelkalk, 
these beds must at all events aj)proach to that age. 

Origin of the Salt of the Steppe of Astrakhan . — In previous chapters it has been 
shown, that salt sources rise out of different deposits in Russia, from the base of 
the Devonian system to the red rocks associated with the Zechstein ; and as the 
largest and best-developed masses of rock-salt are of the latter age, and the saline 
sources of the steppe of Astrakhan issue from the foot of Mount Bogdo, we 
believe that they have their origin in similar masses of rock-salt. It is, indeed, 
quite evident, that these and similar saline sources are due to subterranean 
causes of an ancient date, and are in no way dependent upon the recent desicca- 
tion and retreat of the Caspian Sea ; for it is only where the mounts of red sand- 
stone rise out in this wide plain, that permanent salt-springs are known. In 
other parts of the same steppe, abounding as the surface does in marine shells, 
the finest fresh water is obtained, by boring to a few feet into the sand and gravel. 


* Although the Ammonites Bogdoanus has not serrated lobes, like those of the Ceratites of the Mus- 
chelkalk, and ought, according to strict generic definition, to be placed among the Ooniatites, it offers, 
nevertheless, by the form of its chambers, a very strong analogy to the Ceratites. The inclination of the 
folds of the lobes towards the interior edge of tlie whorls, and their comi>aratiTe narrowness, recall forcibly 
to the mind of the geologist the Ceratites nodosus of the Muschelkalk (see Part 111.). 
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We shall hereafter show, that all this low tract was once occupied by a Caspian 
Sea, and endeavour to give some proof of the high level at which its waters once 
stood ; but we again insist, that the salt springs to which we have alluded, are com- 
pletely independent of any such comparatively recent cause, and are derived from 
a subsoil formed in the earlier zones of the earth’s crust. If we mistake not, a 
great number of the saline lakes of Eastern Russia and Siberia will be found to 
owe their qualities to the lodgement of water in depressions fed by salt springs 
or communicating with masses of rock salt *. However this may be, the facts to 
w’hich we have adverted in Russia proper, may be turned eventually to national 
advantage, in a country where nearly horizontal strata occupy vast, regular depres- 
sions ; for wherever salt sources have their natural outbreak at the edges of such 
basins, we may feel certain, that artesian wells sunk in favourable places within 
their area, mi^t raise salt to the surface, in districts removed at inconvenient 
distances from the usual marts of this indispensable commodity. A hint on this 
point is sufficient for the intelligent administration of the Imperial Mines. 

' We have been recently informed by M. Hommaire de Hell, an enterprising French engineer, who has 
prepared for pilblication a Map of Southern Russia, that, in the southern steppes which we did not 
visit, between the Black and Caspian Seas, there is a very general occurrence of clay impregnated 
with saline particles, though the ordinary sandy superficial covering of the country yields fresh water. 
In dry seasons no salt is procured ; but when the inferior clay has been saturated by heavy rains, 
lakes are formed, which, on evaporating, leave considerable saline incrustations. The saliferous pro* 
perty of this steppe is considered by M. Hommaire to be a residuary pheenomenon, due to the desic- 
cation of the once submarine tract which connected the Black and Caspian Seas (see Map). We may 
return to the consideration of this subject in a future chapter, when w^ treat of recent changes ; and, in 
the mean time, we simply remark, that if the inferences of M. Hommaire be admitted, they do not 
in any way interfere with our geological facts, as to the ancient origin of the permanent salt sources 
to which we have adverted. 

Formation of Ice in the Cave of Illetzkaya-Zastchita explained. 

Since the preceding pages were printed. Professor Wheatstone has called our 
attention to a memoir of Professor Pictet of Geneva, explanatory of the formation 
and conservation of summer- ice in natural caverns'. These caverns, near Be- 
san^on and in the Jura, occur in tracts where the mean cold is above the freezing 
pointy and it is also said of them, as of Illetzkaya, (p. 186), that the hotter the 
summer the greater is the quantity of ice they contain. The grotto of La Baume 
near Besan^on presents, indeed, a close analogy to our Russian example, as it lies 

’ See Edinburgh Phil. Joum., vol. viii. p. 1, and Bibliothbque Universelle. 

2 D 
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within the lower part of a hillock of about the same height as the little mount of 
Illetzkaya. Seeing from their position, that such masses of ice cannot be the residue 
of a winter deposit, Professor Pictet accounts for their formation by extending the 
views of De Saussure, respecting the descending currents of cold air, which in hot 
summers traverse the artidcial mound of broken pottery at Monte Testaceo near 
Rome, as well as the sides of certain rifled calcareous hills in Italy and Switzer- 
land. Professor Pictet argues, that in his ice-caves (as in certain mines with ver- 
tical shafts above them and horizontal galleries on the lower sides of the hills) the 
downward current of air during summer must acquire, during its descent, the tem- 
perature of the vertical portion of the crevices through which it passes ; that 
temperature being in general at least as low’ as the mean temperature of the place. 
He also supposes (w’ith De Saussure), that the air descending through the fissures 
in the strata, must be still further cooled by the refrigerating effects *of evaporation, 
derived from the moistened materials which it encounters in its progress. 

If this explanation be applicable to the ice-caves near Besan^on and in the Jura, 
it applies, we conceive, much more strongly to our case in Russia, where the nu- 
merous icicles pendent from the roof of the cavern and the stalagmitrc crust of ice 
on the floor, equally indicate a previously wet and damp roof, affording a passage 
to water ; whilst the excessive dryness of the external air of these southern steppes, to 
which we have specially adverted, must contribute most powerfully to the refrige- 
rating effects of evaporation. We may add, that this view is supported by refer- 
ence to the climate of the plains of Orenburg, in which the great wetness of spring 
caused by the melting of the snow, is succeeded by an intense and dry Asiatic 
heat. These conditions, cooperating with the form of the grotto, the fissures above 
it, and the horizontal opening into it at the foot of the hill — features quite analo- 
gous to the vertical shafts and horizontal galleries of mipes, referred to by the 
Genevese Professor — seem to us completely to explain the phsenomenon of Illetz- 
kaya, and with it all those examples of ice-caverns mentioned by Pallas in still 
more southern latitudes. 

P.S. We intended, as announced, to terminate this chapter with a review of the 
Organic Remains of the Permian strata, but feeling that this important subject 
could not thus be done justice to, we have devoted an entire chapter to its con- 
sideration, giving at the same time our ultimate view of the correct equivalents of 
the Permian deposits in Western Europe. 



CHAPTER X. 


Equivalents of the Permian System in Germany and other Parts of Europe. — Analy- 
tical Review of its Animal Contents. — Permian Flora. — Close of Paheozoic life . — 
Table of the Permian Fauna. 

In this chapter we will first give the results of our recent comparisons in Ger- 
many, and our general view of the equivalents of the Permian System in Western 
Europe, and next a detailed analysis and tabular view of its organic remains. 

Since the earlier chapters of this work were written, the visit to Germany before 
alluded to (p. xii ), has led us to form a more correct view respecting those depo- 
sits of Western Europe which might be placed in parallel with the Permian system. 
We have now learnt, that the opinion which till recently prevailed, that the 
“ Rohte-todte-liegende ” formed a natural member of the carboniferous group, has 
been abandoned, and that these deposits are known to be separated from and un- 
conformable to each other. Of this fact we became convinced by visiting the 
territory around Zwickau in Saxony, and we have obtained the authority of Pro- 
fessor Naumann for adhering to it. In that tract. Captain Gutbier having largely 
collected the plants belonging to both deposits, his specimens enabled us to see, 
that the Flora of the Rohte-todte-liegende, which is there well preserved, in finely 
levigated white claystones, contains certain forms which are either identical with, 
or closely allied to, our Permian plants ; whilst among them, though they are all 
of carboniferous genera, there is not one of the characteristic species so abundant 
in the subjacent fcoal-field. On the other hand, though the Rohte-todte-liegende 
is there unconformable to the coal-measures, and is distinguished by peculiar plants, 
it passes conformably upwards into the Zechstein, and thus forms a natural group 
with that deposit. 

A similarly close connexion exists in Upper Silesia. In the mountainous tracts 
which range by Waldenhurg towards Glatz, a small productive coal-field is over- 
laid by a serida of red sandstones, conglomerates, and shale, in the upper part of 

2 » 2 
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which^ particularly near Friedland and Rupersdorf on the Bohemian frontier, 
a black, bituminous limestone occurs. This calcareous rock, thus interlaced 
with red deposits which represent the Rohte-todte-liegende, and immediately over- 
lying the coaUmeasures, contains Zechstein fishes, associated with plants closely 
resembling those of our Permian types. Of the fishes, the Pakeoniscus Wratisla- 
viensis (Ag.) and the P. lepidurus (Ag.) are the most abundant ; and among the 
most common of the plants we may cite a Neuropteris (Odontopteris) , which is 
never found in the underlying coal-measures, but is very characteristic of the 
Permian deposits of Russia. This identification is established on the au- 
thority of that excellent fossil botanist. Professor Goppert, who subscribed to our 
opinion, that the other plants of the limestone and flagstone of this red group, are 
distinct in species from those of the carboniferous strata. Now, as the fishes 
also, are referred to the same type as the Ichthyolites found in the Zechstein of 
Western Germany and in the parallel rocks of Russia, there can be no doubt, that 
these Silesian beds of red sandstone, shale, marl, and conglomerate, with an in- 
cluded limestone, not only represent the Permian system, but are singularly in- 
teresting, in indicating a closer approach to the Russian form of the^deposit than 
their representatives in the west of Europe. We, therefore, confidently revert to 
the view which we expressed in proposing the term Permian, and we unhesitatingly 
include the Rohte-todte-liegende in this natural group 

Having thus indicated tlie strata which are the lower members of the Permian 
series in Germany, can we pursue the parallel upwards, and show, that, as in 
Russia, some of the beds overlying the Zechstein are also to be grouped with that 
rock ? This question is one of considerable importance ; for, as by its organic 
contents the Zechstein is now admitted to be of palaeozoic age, we are called 
upon to decide, whether its uppermost natural limit was completed when the 
last beds of limestone were accumulated. What then are the facts in Germany 
to support this view ? The answer is, that the Bunter Sandstein or next over- 
lying rock, forms there as conformable a roof to the Zechstein, .as the latter does 
to the Rohte-todte-liegende. That limestone, therefore, with the Kupfer-schiefer 
and its dependences, is thus simply the fossil-bearing centre of a great deposit of 
red conglomerates, shales, and sandstone. Wherever, indeed, the Zechstein occurs 
n a tract in which its relations to the overlying sandstone can be traced, the two 

‘ See Letter of Mr. Murchison to Dr. Fischer von Waldheim, Sept. 1841, Moscow. Leonhard and 
Broiin's Jalirbucb for 1842, part 1. p. 91 ; and Phil. Mag. vol. xia. p. 418. 
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are found so intimately united, that the discovery of any Permian fossils in the 
overlying rocks, would at once compel geologists to place both series of beds in the 
same natural group. Now, in Germany, this next overlying mass of rocks (the 
Hunter Sandstein) is divided into two members, the lower of which is composed 
chiefly of sandstone, and the upper of marl ; and in the lower of these, as far as 
our knowledge goes, no fossil remains have yet been found, with the exception of 
the CkUamites arenarius, a plant which has been supposed to have a close affinity 
to, if indeed it be distinguishable from, one of the carboniferous forms. 

Under these negative circumstances in Germany, and with the positive evi- 
dences derived from Russia, that the palaeozoic type of the Zechstein is continued 
into sandstones and conglomerates above that rocft, particularly through certain im- 
bedded plants, we think that the lower part of the Hunter Sandstein in Germany 
(occurring as ft does in exactly the same stratigraphical position as the upper con- 
glomerates, marls and sands in Russia) must be separated from the Trias and united 
with the Zechstein. * 

In throwing out this suggestion, we by no means wish to abstract from the 
Trias the whole of the lowermost of its three members. We long ago examined 
in situ those sections near Strasburg and other places, which, by means of a con- 
tinuous series of animal and vegetable remains, unquestionably connect certain 
underlying red marls and sands with the Muschelkalk. We simply point out, that 
as the thick deposit of Hunter Sandstein is, according to the newest German au- 
thorities, divisible (lithologically*) into two members, the lowest band, ora part of 
it, may be placed on the parallel of beds occupying a similar position in Russia, 
and in which palseozoic types prevail ; whilst the upper Hunter marls and the “ Gr6s 
bigarr^ ” properly so called, will doubtless continue to form the true base of the 
Trias or secondary rocks (see woodcut, p. 204). The state of the case, when fairly 
put, seems to be this. The region of Permia has first afforded proofs of the palae- 
ozoic shells and plants being extended upwards into red deposits above the Zech- 
stein, whilst the gtrata occupying a similar position in other parts of Europe have 
not yet contributed any opposing evidence, either as regards stratigraphical arrange- 
ment or fossil contents. 

In England there is, we apprehend, little difficulty in grouping the various 
members above the coal-measures, which constitute or represent the Permian 
system. The most important of them were long ago ably described by Professor 

• See Table grepared by M. Cotta, attached to the geological maps of Saxony prepared by Professor 
Naumann and himself. We may add, that in a letter to us, Professor Naumann sees no objection to our 
proposed classification. 
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Sedgwick, when he showed, for the first time, that the Lower New Red sandstone * 
was the equivalent of the Rohte-todte-liegende (Pontefract rock of Smith),— which 
overlaid conformably by the Magnesian Limestone or Zechstein (the latter rock 
with flags representing the Kupfer-schiefer), was associated with red marls, gypsum 
and sands. His section, indeed, of the succession near Kirkby in Nottingham* 
shire, exhibiting a lower and an upper red sandstone, with beds of shale and lime- 
stone between them, the whole overlying the coal-measures (in this instance con- 
formably), is a very good illustration of our united group In other parts of En- 
gland adjacent to the Silurian region, we place in parallel with the Permian system, 
all those red sandstones and conglomerates, which immediately surround and 
overlie the coal-fields of the central counties, and in which the Magnesian Lime- 
stone or Zechstein is represented simply by a calcareous conglomerate, occasionally 
dolomitic ‘ 

In respect to Germany we may further state, that besides visiting in 1843 certain 
tracts in and around Saxony, including the Thiiringerwald (with the environs of 
Halle we were previously acquainted), we also examined that part of Hesse Cassel 
of which Riechelsdorf is the centre, in all of which districts we perceived a con- 
formable succession from the Rohte-todte-liegende and Zechstein into the lower 
Bunter Sandstein. In Hesse Cassel, indeed, M. Althaus of Rothenburg, an in- 
telligent geologist and a director of mines, has distinguished in his district, a lower 
from an upper Bunter Sandstein, the former constituting, as in other parts of Ger- 
many, the regular cap of the Zechstein. 

Now, whilst this lower Bunter Sandstein of Central Germany is unproductive of 
animal remains, a similar negative character pertains to the rocks of the same age 
which range up to the valley of the Rhine south of Frankfort, and extend from 

‘ Scarcely any plants of the Ixiwer New lied of England have yet been made known. The Pon- 
tefract Rock *’ of William Smith, which is not unlike one of the varieties of our Permian grits, contains, 
as we are informed by Profesj-or Phillips, some obscure plant®, one of which was described by Professor 
Lindley. Fossil Flora, vol. iii. pi. 195. We cannot mention the name of so distinguished a geologist as 
Professor Phillips without stating, that he has long been of opinion, that the sheUs of the Magnesian 
Limestone are of the true palaeozoic type , and, although Mr. Murchison was formerly opposed to this 
classification, chiefly on account of the Maghesian Limestone containing Saurians — vertebrata unknown 
in the older palapozoic divisions — he has since become completely convinced of its accuracy. It is right 
on bis part to state, that his colleagues, M. de Vemeuil and Count Keyserling, were always of the same 
opinion as Professor Phillips. 

^ Geol. Trans., New Series, vol. iii. pp. 56, 57. 80 and 81, plate 5. fig. 1. 

^ See Silurian System, pp. 54 et seq., 466 et seq., and plates 29 and 37. See also new Geological 
Map of England by Mr. Murchison, published by the Society for the Diflfusion of Useful Knowledge, in 
which the Permian Gasification is for the first time applied. 
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Heidelberg to Baden-Baden. At the latter place, the formation assimilates to its 
type in the W osges mountains on the opposite bank of the Rhine, where it has 
been admirably described by M. Elie de Beaumont under the name of “ Gr^s 
de Vosges,” and clearly separated by him from the overlying Trias. As in the 
Vosges, the Zechstein is omitted at Baden-Baden, and the series consists, in as- 
cending order, of a conglomerate often composed of granitic, porphyritic and older 
slaty rocks, succeeded by sandstone and shale, both red, white and mottled. 
Though we entertained no doubt when on the spot, that these strata, as well as 
those of the Vosges mountains, through which we passed, were the equivalents of 
our Permian rocks, it is a high gratification to be able to state, that upon consult- 
ing M. de Beaumont, we find this eminent geologist is quite of our opinion, and 
that he adopts with us the classification by which our Permian group, compre- 
hending the Rohte-todte-liegende, the Zechstein and the lower Bunter Sandstein, 
is represented in the Rhenish country and in France by the “ Gr6s des Vosges 

In the comparison, how'ever, with Central Germany, it is well to state, that the 
Russian succession presents few or no traces of the thick development of red sand- 
stone and conglomerate which is distinctly intercalated between the carboniferous 
rocks and the Zechstein ^ as might be expected in a flat and undisturbed region. 
In some Russian tracts, indeed, we have shown, that the Zechstein or Permian 
fossils imbedded in marlstone and limestone succeed, with scarcely any other 
intervening rocks than bands of gypsum, to the great mass of the carboniferous 
limestone. In other districts, however, grey grits and sandstones underlie as 
well as overlie those courses of limestone which represent the Zechstein, whilst 
the conglomerates chiefly cover the calcareous zone. But we must not attach 
undue importance to the identification of mineral structure in establishing a suc- 
cession in synchronqus deposits of distant countries. We have already seen, 
that with a most striking similarity in the general distribution of life, between 
each great palaeozoic system of Russia and its equivalents in Western Europe, 
the examinatioa of Russia has revealed to us very considerable discrepancies in 
the nature of the imbedding rocks. To recede, for example, no further than the 
immediately subjacent deposit, we learn that the great masses of the coal-fields of 

' See M. de Beaumont’s view of the Grfes de Vosges, M6m. pour servir, vol. i. and “ Description de 
la Carte Odol. de France,” vol. i. p. 391 etseq. 

* It is very probable that certain sandstones and conglomerates (not the goniatite grits of Artinsk), on 
the western flank of the Ural Mountains, may represent, as before said, the Rohte-todte-liegende, a point 
to which we shall revert in Part II. See Table with the Map. 
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England, France, Belgium and America have no well-marked equivalents in Russia, 
nearly the whole of the carbonaceous matter in the empire being included in the 
lower or calcareous member of that system. 

We repeat, then, that the Permian rocks of Russia consist of an assemblage of 
sandstones, grits, conglomerates and marls, with subordinate bauds of gypsum and 
limestone, which, without exactly following the same detailed mineral sequence as 
the deposits of similar age in Germany, is bound together by certain natural links ; 
and we are thereby induced to propose the word Permian, to designate a natural 
group in Europe, hitherto undistinguished by any common name. 

To dispel all uncertainty from the minds of our readers concerning the equiva- 
lents of the Permian system in Western Europe, and their prevalent relations to 
the strata beneath and above them, we annex the accompanying woodcut. 
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UPPER pala:ozoic. 


In exhibiting this diagram, we do not mean to assert, that the carboniferous strata 
are everj'where unconformable, as here represented, to the base of the Permian 
rocks. Sections in England have, indeed, already been cited, which show a per- 
fect conformity between these deposits ; though many other cases in the same 
country may also be appealed to, where they are as discordant as in Germany, 
and where the surface of the carboniferous strata has undergone denudation 
as well as dislocation anterior to the accumulation of the overlying deposits'. On 
the other hand, there is no example, in any part of Europe, of the slightest un- 
conformability between the upper part of the Palaeozoic or Permian rocks and the 
lower secondary or Trias ; and yet the carboniferous and Permian fossils have that 
striking community of character which we shall developc in the succeeding pages, 
whilst the Permian and Triassic fossils are entirely distinct. 


* See memoir of Professor Sedgwick, ut sipra, Oeol. Trans, vol. iii. plate 5. fig. 8. plate 6. fig. 1> &c. 
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This is an important fact>, and we dwell upon it as a proof, that the most marked 
distinctions between the fossils of succeeding formations cannot always be referred 
to violent physical revolutions of the surface, by which, as it has been supposed 
one group of animals was annihilated anterior to the creation of another. In the 
previous chapters we have, indeed, demonstrated, that throughout vast regions of 
Russia, the older deposits are most clearly separable from each other by means of 
their respective fossils, although they are all apparently conformable. 

We will now strengthen our conclusions respecting the independence and true 
relations of the Permian system, by some general observations on its organic 
remains, and by showing in a tabular view their distribution, as far as it is known, 
in various parts of Europe. 

Review of the Organic Remains of the Permian System . — ^Though less copious 
than that of the inferior palaeozoic rocks, the fauna of the Permian System, being 
less known, well merits a detailed examination. It constitutes, in fact, the remnant 
of the earlier creation of animals, the various developments of which we have fol- 
lowed through the three preceding ages ; and exhibits the last of the partial and 
successive alterations which those creatures underwent before their final disappear- 
ance. The dwindling away and extinction of many of the types, produced and 
multiplied in such profusion during the anterior epochs, and the creation of a new 
class of large animals, the Saurians, clearly announce the end of the long palaeo- 
zoic period and the beginning of a new order of zoological conditions. 

The two greatest revolutions in the extinct organic world are those which sepa- 
rated the palaeozoic from the secondary age, and the latter from the tertiary. 
Viewed as the conclusion of the first of these epochs, the Permian deposits must, 
therefore, excite in the minds of geologists an interest, not inferior to that connected 
with the upper chalk, in displaying a similar apparent termination to a series of 
organic bodies. 

The species which characterize the Zechstein or Magnesian Limestone and the 
Kupfer-schiefer having hitherto been mentioned in a number of detached works 
only, we have thought it advisable to group them together with our newly-discovered 
forms, in a synoptical table, in which we indicate the authors who have described 
each species, its synonyms, and the beds in which it has been found. 

• In reference to this generalization, we must, however, bear in mind, that the “ Grfes des Vosges,’’ 
which we have included in the Permian system, has been shown by M. Elie de Beaumont, to have been 
elevated anterior ti^the accumulation of the *' Gres bigarrd” and Keuper. 
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This inventory of an assemblage of submarine animals, which modem re* 
searches have taught us were about to pass away, has the advantage Of enabling us 
to compare the whole Permian fauna with that of the preceding epochs, and also 
the special fauna of this epoch in Russia, with that of the corresponding deposits 
of Western Europe. Under these two points of view, we shall now successively 
consider the subject. 

The total number of Permian species cited in our table, including four or five 
which are doubtful, is about 166. In this estimate, on the other hand, we do not 
reckon a few forms alluded to by some authors, the bad state of preservation of which 
or other causes have prevented their being precisely determined. This number is 
really small, when we compare it with that of the fauna of the Carboniferous or 
Devonian epochs, in each of which more than 1000 species have been either 
figured or described. Of the 166 known species, 148 are exclusively characteristic 
of the Permian system, whilst 1 8 only are found in the whole underlying series of 
Silurian, Devonian and Carboniferous rocks. If we dissect these numbers, in order 
to deduce the various elements of their composition, we easily discover the charac* 
teristic features which distinguish the Permian from the subjacent Carboniferous 
system. 

The corals, which in the carboniferous epoch amount to more than 100 species, 
are, in the Permian system, reduced to fifteen, and even of such forms three or 
four only are abundant, and these, acording to Mr. Lonsdale, are chiefly species 
of Fenestella*. This sound naturalist also informs us, that not one of the Permian 
corals actually examined by him has been found satisfactorily referrible to carboni* 
ferous or older species, though they belong to genera which have a marked palaeo- 
zoic character. 

The Crinoidea are extremely scarce, and of the seventy to seventy-five species 
which inhabited the carboniferous seas, one only, the Cyathocrinites planus (Mill.), 
appears to have lived during the Permian epoch. Even this solitary species is ex- 
tremely rare, and we are as yet unacquainted with it in Russia.* 

‘ Since the two previous chapters were printed, we have been favoured by our valued friend Mr. 
Lonsdale with a corrected list of the Permian corals, founded not only on the examination of all the 
Russian specimens we collected, but also on a rich assemblage of English species submitted to him at our 
request by Mr. King of Newcastle-upon-Tyne. The new names in the table at the end of this chapter 
are those of Mr. Lonsdale, and his explanation of the changes he has found it necessary to make in the 
names of previous writers, will be pven in Part III. » 
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Among the Bhells of the ancient formations, the Brachiopods are those to which, 
in common with other practical geologists, we attach the greatest importance ; 
and it is by their evidences that we are best enabled to trace the close connexion 
between the Carboniferous and Permian systems. Ten out of the thirty Permian 
species are common to the two systems, whilst the genera Productus and Spirifer, 
both characteristic of the carboniferous epoch, are continued throughout the Per- 
mian deposits ; the first offering six, the second eight species. All the Permian 
Producti are very spinous, and the prominent species is the P. horridus (Sow.), 
(P. aculeatus (Schloth.). Two only of this genus are ornamented with regular 
longitudinal striae, viz. the P. Cancrini (nob.) and P. Leplayi (nob.), the first of 
which has a very singular distribution. Occurring profusely through the Permian 
strata of Russia, and serving there as an infallible mark of their age, it is com- 
pletely wanting in the corresponding deposits of Western Europe, but is found in 
one well-known locality of carboniferous limestone at Vise in Belgium *. 

The Spirifers of the Permian system, being all plaited, have much analogy with 
those of the inferior strata: two species appear to be common to this and the car- 
boniferous series, one of which, however, referred by us to the S. hystericus, is still 
doubtful. 

The Orthis, one of the earliest forms of Brachiopods, and which we have shown 
to be so eminently characteristic of the first or Silurian period, decreases in the 
number of its species as it ranges through the Devonian and Carboniferous zones, 
and in the Permian it has but three representatives, one of which occurs in Russia 
and two in Germany. 

The small genus Chonetes (Fischer) , the importance of which is chiefly due 
to the wide distribution of one of its species, the C. sarcinulata (Lepteena lata, 
V. Buch), may be said» in its European distribution, to rise from the Silurian into 
the Carboniferous system ; and if our views respecting the gypsiferous tracts near 
Bachmuth be correct, into Permian deposits also. It is so abundant in the 
Ludlow rocks (Upper Silurian) of England, as to be one of the best types of that 
formation, and in Sweden it seems to occur in beds of the same age. In the 
paleozoic rocks of Great Britain and Belgium, indeed, it continues to the Car- 
boniferous series inclusive ; whilst in Russia, being entirely absent in the Silurian 
and Devonian systems, it appears for the first time in the Carboniferous, and 
more abundantly than in the corresponding deposits of the west ! This fact, though 

* ‘ See De Koninck. Deicrip. Foss. Belg. p. 179, pi. 9. f. 3. 1842. 

• .‘^e2 
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ramarkable, is not inexplicable, even by reference to such laws of distribution as 
must have resulted from repeated changes of the conBguration of the bottom of 
the sea, and other submarine phsenomena, by means of which this species of Cho- 
netes may have been displaced from its western habitat at an early period, and pro- 
pagated towards the east, where, under favouring conditions, it subsequently 
assumed a great development; thus offering the rare example of a species, which, 
changing its region, lived through three great palaeozoic epochs, and was partially 
in existence during a fourth. 

The genus Pentamerus, so characteristic of the Silurian epoch, and which begins 
to be very rare in the Devonian strata, has not hitherto been found in the Car- 
boniferous deposits, and does not reappear in the Permian epoch. Conformably, 
however, with the prevailing evidences of the development of nature, which in the 
modifications of beings at successive periods, seems often to retafn some feature 
of the preceding types, the Silurian and Devonian Pentameri are represented in 
the groups whicli next followed by forms of Terebratulae, which offer in their 
internal arrangement a part of the structure of Pentameri*. We here allude to 
the Terebratula Schlotheimi, V. Buch, and T. superstes (nob.). In thei$e species, in 
fact, the dorsal valve is furnished, as in the Pentameri, with two oblique, dividing 
plates, which unite at their base, and are fixed on to a vertical septum that is 
attached longitudinally to the central portion of the shell. These singular Tere* 
bratulae of the Carboniferous and Permian deposits, which thus replace the Pen- 
tameri, disappear in their turn at the close of the Palaeozoic age. The Terebratula 
SchlotheiTni, we may here observe, presents the remarkable peculiarity, that in Russia 
it belongs exclusively to the Carboniferous rocks, in two localities of which it has 
been detected ; whilst in England and Germany it is a characteristic fossil of the 
Magnesian Limestone and Zcchstein. 

The Permian deposits do not contain more than nine species of Terebratulae which 
have been correctly determined, five of which are found in the lower Palaeozoic 
formations. The prevailing species are smooth with concentric striae, one only, the 
T. Geinitziana (nob.), which is allied to the T. Thurmanrd, being plaited. 

In effect, if the Brachiopods be viewed as a whole, we believe that of upwards 
of 200 species which prevailed during the carboniferous epoch, ten only prolonged 

■ Mr. King, Curator of the Natural Histor}’ Society of Newcastle-upon-Tyne, with whom we have been 
in correspondence upon this subject, proposes to establish a new genus for these shells under the name 
of Camerophoria (see his forthcoming Description of the fossils of the Magnesian Limedcone of England). 
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their existence into the Permian sera, whilst twenty new species complete the total 
number which researches have shown to have occurred in this last period. 

Passing now to the Conchifers of the order Dimyaria, we may state, that whilst 
upwards of 120 species have been detected in the Carboniferous strata, their num> 
ber is reduced to twenty-six in the Permian system. Among the most characteristic 
of this family, the genus Modiola is extensively found through Russia and England. 
In the former country, our Modiola Pallasi is as certain a type of the age of the 
rocks in which it occurs, as the Productus Cancrini (nob.) : in England the charac- 
teristic Modiola is the M. costata. The genus Axinus^, so very abundant in the 
Magnesian Limestone, and so peculiar to that rock, has its Russian representatives 
in the A. Rossictis (nob.), and in the A. pusillus. 

Among the Mononiyaria the genus Avicula is nearly as important as the Mo- 
diola in the Dimyaria. It contains eight species, all of small size and generally 
smooth. The best known in Western Europe are the Avicula keratophaga, A. 
antiqua, and A. speluncaria. One of the valves of the last mentioned has a gryphoid 
form, and bears a great resemblance to our Russian type, A. Kazanensis. 

The number of the Monomyaria, amounting to about seventy-five in the Car- 
boniferous epoch, is reduced to sixteen in our system, and fifteen of these are 
peculiar to it. The Avicula antiqua, found by ourselves in the carboniferous 
limestone of Vitegra and of Malayoraslovetz, between Kaluga and Moscow, is 
the only species of the genus which is common to this and another palaeozoic 
zone. 

The Gastropods appear to have undergone much diminution in the formation 
of the Permian strata, and to have had great difficulty in accommodating them- 
selves to new conditions. For, if we pass over the seven minute species of Turbo 
and Rissoa, occurring iji one locality only near Manchester®, the number of Gastro- 
pods known throughout England, Germany and Russia, in rocks of this age, amounts 
but to fifteen species, a number which must appear still more insignificant, when 
we reflect, that as>many as 225 species of this class are known in the Carboniferous 
system. These flfteen Permian species are almost all new ; three only having been 
able to live on from the Carboniferous to the Permian epoch. The rarity of indi- 
vidual Gastropods which are met with in the strata, seems to combine with the 

‘ Schizodus, MSS., King. See Observations, Table, p. 224. 

* This deposit is described by Mr. Bimtey, 1st vol. Trans. Geol. Soc. Manchester, and the shells are 
determined by M(. Brown. 
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paucity of species to make us presume, that the causes which were opposed to their 
free development produced very extensive effects. • 

The Cephalopods, which under the forms of Goniatites*, Nautilus and Ortho- 
ceras were so numerous during the Carboniferous period, that 160 species have 
been already described from its strata, were almost entirely annihilated previous to 
or at the commencement of the Permian sera. At all events, notwithstanding 
our keen researches, we have been unable to obtain the smallest trace of a Go- 
niatite or Orthoceratite in any of the Permian tracts of Russia, the only specimen 
of Cephalopod which we could detect being a fragment of a doubtful Cyrtoceras, in 
the limestone of Shidrova, near Ust-Vaga. A Nautilus, figured by Dr. Geinitz', 
is the only specimen of a Cephalopod with which we are acquainted in the Zechstein 
of Germany. The museum of the Natural History Society of Newcastle possesses 
also some fragments of a Nautilus, to which Mr. King refers the portions of a 
chambered shell, assigned to an ammonite by Professor Sedgwick, in his Memoir 
on the Magnesian Limestone. Now if the chambered fragments which we found 
in Russia, and supposed to belong to a Cyrtoceras, should prove to be portions of a 
Nautilus, the Cephalopods are reduced to a solitary genus of very rare occurrence. 

This scarcity of Cephalopods at the close of the Palaeozoic aera has a remarkable 
parallel in a subsequent geological period ; for as these animals were reproduced in 
vast abundance and under many new forms in the Triassic, Jurassic*, and Creta- 
ceous systems, so towards the termination of the last of these, we perceive a 
second and similar disappearance of the greater number of shelly Cephalopods. 
The extreme reduction in the number of Gastropods at the close of the Cretaceous 
period is, indeed, an additional feature of resemblance between these two epochs ; 
for twenty-four species of this class only have been discovered by M. d’Orbigny in 

' Neues Jahrbuch, Leonhard, 1841, pi. 1 1 . f. 1 . Whilst we write Profe^or Sedgwick has discovered 
a Nautilus in the Lower Silurian rocks of Bala in North Wales, and tlius Cephalopoda of this generic 
form, have existed from the older Palaeozoic or Protozoic to the present period, however they may have 
been obliterated at certain epochs. 

* The recent researches of M. Alcide D’Orbigny have led him to believe, that the close of the Jurassic 
period bears a strong analogy to the termination of the Palaeozoic and Cretaceous aeras in the notable 
diminution of the number of chambered shells. In the Portland rock he admits but three species of 
Ammonites, which certainly seem to be of small value when contrasted with the prodigious numbers of 
species of these creatures on the one hand in the lias, lower and middle oolite, and on the other in the 
succeeding greensand and cretaceous rocks. English geologists, however, cannot forget that in the 
frequent occurrence of the same species and in the extraordinary size of the individuals, the Portland rock 
is eminently Ammonitk, ^ 
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the upper chalk, whilst he describes 134 in the lower member of the formation 
(crate chhriUe). 

If future discoveries* and a more perfect acquaintance with the zoology of these 
epochs, should oppose no evidence to conflict with that which is now accumulated, 
some persons might be led to perceive in this grand and intermittent phenomenon, 
the recurrence of a general law. Whilst, however, our present acquaintance with 
their respective faunas would certainly lead us to conclude, that the Permian and 
Cretaceous systems have each preceded an almost entire renovation of animal life, 
it is right to state, that judging from many of their generic forms, the upper secon- 
dary rocks seem to have prepared the way for the sequence of the tertiary strata. 
In short, some geologists, including ourselves, who have contended for this view, 
are still disposed to think, that with increased observation, a zoological passage 
may be discof^ered between the upper chalk and the lower tertiary deposits. 

But after all, we arc far from wishing to draw wide conclusions from limited 
and insufficient data ; and we are too well aware of the recency of the discovery 
of multitudes of species in the older Palaeozoic rocks, not to be alive to the 
necessity df much caution in deducing general zoological inferences. We have 
still, however, great reliance on the fact, that few strata have been longer or more 
assiduously examined, than the Zechstein and Kupfer-schiefer of the Germans 
and the Magnesian Limestone of the English ; and, as the activity of modern col- 
lectors has added little to our stock of knowledge of the animal remains of these 
rocks, we have a fair right to reason upon the general character of their fauna. 
Yet more have we authority to take this view, when by traversing the vast basin 
of Russia, occupied by synchronous strata, we find the same group of fossils and 
the same species extending from the mouth of the Petchora and the country of the 
Samoyedes upon the J^orthern Ocean, to the south of Orenburg, or over upwards 
of 1 8 degrees of latitude * ! 

■ Whilst wc write we have received intelligence from our friend and colleague, Count Keyserling, that 
in an expedition during the last summer with M. Krusenstem, to determine the geographical outlines, 
geological structure, and natural productions of the region around the embouchure of the Petchora, he 
has there traced the Permian strata occupying the plateaux on its left bank ; the depressions being occu- 
pied by Jurassic and post-pleiocene deposits. He has further discovered an undescribed low chain of 
mountains called the Timans, forty to fifty versts wide, whieh, trending from the sources of the Vitchegda 
to the north-north-west, forms the eastern lim't of the Permian deposits, and is separated from the Ural 
by the very broad intervening trough of the Petchora. In this ridge and trough, as in the North Ural, the 
Permian rocks do not exist ; the only sedimentary strata being the Lower Palaeozoic, which are associated 
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If we extend our review to the higher orders of creatures in the Permian system, 
we perceive that Trilobites are entirely wanting. Schlotheim alone has spoken of 
a fragment of a Trilobite in the copper slate of Saxony, but Count Miinster has 
ascertained that this supposed Crustacean is an ichthyolite, belonging to his genus 
Janassa. The entire disappearance of these beings, so characteristic of the most 
ancient formations, is one of those striking phsenomena to which we attach great 
importance. In the study of the palaeozoic succession we see, indeed, that the 
disappearance of this race is regularly announced, by a gradual diminution of its 
numbers during the preceding epochs. Appearing among the earliest forms of 
life and having their maximum of development in the Silurian period, Trilobites 
decrease very sensibly in the Devonian strata, and in the carboniferous deposits 
are reduced to some few small species, of which the Phillipsia and Griffithides 
(Portlock) are the last expiring forms. And here we are presented with one of 
those beautiful links in natural history, of which the strata forming the earth’s crust 
have afforded so many proofs ; for, with the final extinction of a family destined 
never more to reappear, its place is taken by an allied Crustacean, the Limulus, 
the earliest form of which was created during the formation of the* great coal- 
fields, and was followed, in our Permian system, by the large and remarkable species 
as yet peculiar to Russia, the Limulus oculatus (Kutorga). Unlike the Trilobite, 
the Limulus has survived all the numerous revolutions which have followed its 
creation, and some of its species, far different indeed from the earlier types, are 
co-existent with our own race. 

Unfavourable as the conditions of life in Europe seem to have been, during 
the Permian aera, to many orders of Mollusca, and notably to the peculiar crusta- 
ceans called Trilobites, they were not antagonist to the propagation of aquatic Ver- 
tebrata. The fishes, which, commencing in the Upper Silqrian rocks, obtained a 
great development in the Devonian and Carboniferous aeras, hold a considerable 
proportion with reference to other classes in the Permian fauna. They are 
represented by sixteen genera including forty-three species, all of.which, save one, 
are peculiar to the Permian deposits. The solitary exception is the PaUeonis- 
cm Frdsleheni (Ag.), which it is right to observe, has been detected at Ardwick, 

with granitic, eruptive and metamorphic rocks. This subject, embracing the discoveiy of many well- 
characterized Silurian fossils not hitherto observed in the Baltic provinces, together with well-recognized 
Devonian fishes and Carboniferous types, is mentioned at greater length in our Introduction, and will be 
again alluded to in the subsequent pages. (See Map). 
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near Manchester, and in the uppermost coal-measures only ; beds, in fact, imme- 
diately subjacent to strata of the Permian age'. Whilst, therefore, fishes, con- 
sidered as a class, were ‘propagated throughout the sera of which we are treating, 
we see in the solitary presence of this species, and in one district alone, the 
confirmation of that law generalized by the researches of Agassiz, that these ver- 
tebrata serve to mark with extreme precision the age of the deposit in which they 
are found ; there being the rarest example of any one species having lived beyond 
the duration of the waters and the peculiar sediment in which it was called into 
being. 

Above all, the Permian epoch is remarkable in being the most ancient, in which 
the labours of geologists have as yet brought to light the existence of Saurians. 
The bones of this class of large Vertebrata occur, both in beds beneath the Zech- 
stein and in the upper portion of the system, — ^we speak of the Thecodont Sau- 
rians, Palseosaurus and Protosaurus. This striking fact, which is in parallel, if we 
may so speak, with the annihilation of Trilobites, indicates the iifcessant action of 
that law of improvement and partial alteration in the animal kingdom, the effects 
of which are,slow and successive, and appear to be often independent (specially so, 
indeed, in Russia) of those great physical mutations which have affected the sur- 
face of the planet. 

Having reviewed the Permian fauna as a whole, and having brought prominently 
forward the relations by which it is connected with those of the preceding period, 
it is now necessary to consider it under another point of view, and to ascertain the 
nature of the modifications which it undergoes in distant geographical regions. In 
the first instance we have followed it back in time, and have compared the whole 
fauna of the period with that which preceded it. We are now called upon to study 
it in distance, or in its horizontal extension, to compare its different parts with each 
other, the fossils of Russia with those of Western Europe ; and to see whether 
zoological deductions confirm the parallelism which we establish, between the vast 
Permian basin of ^Russia, and the more circumscribed deposits associated with 
the Zechstein and Magnesian Limestone of our own countries. 

In Russia, as in all other parts of Europe, the Permian fauna is poor in its variety 
of species. The shells are for the most part found in the calcareous bands which 
occupy its lower and central divisions, constituting, like the Zechstein and Kupfer- 
schiefer of Germany, or the Magnesian limestone of England, the great centre of 
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< Silurian System, p. 89. 
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the animal life of the epoch. Yet here again, as in the preceding and subsequent 
ages, we can by no means bring the Russian succession of Permiaa strata into a 
detuled stratigraphical analogy with that of Western Europe. Thus, for example, 
as we have before explained, the calcareous courses of Russia occasionally inosculate 
with great thicknesses of fossiliferous grit ; but the Saurians, fishes, certain Pro- 
ducti and Modioke, with most of the plants, unquestionably occur in conglome- 
rates, sands, tufaceous limestones and marls which overlie the beds with Zechstein 
fossils. In Germany, on the other hand, the Protorosaurus, so long known there in 
the deposits of this age, occurs in the Kupfer-schiefer or beds beneath the Zech- 
stein. It is true, that over enormous areas of Russia, we were enabled to detect 
fossils in the superior strata at wide intervals only Long-continued and minute 
labours to discover fossils were indeed incompatible with the chief object of our re- 
searches, which was necessarily directed to the general classification«of the deposits, 
which in Russia are spread over such wide districts. Still, in justice to ourselves, 
we must say, that in overcoming the obstacles which we encountered, in order to 
arrive at a true estimate of the equivalents of the Permian group, we neglected no 
means within our reach. In proof of this we may state, that our list Qontaius fifty- 
three Russian species, a greater number than that of any preceding author who 
has described deposits of this age in Western Europe, where they have been so 
long under examination. This fact, considering the rapid nature of our journey 
and the very few fossils of this age known in these regions, before we traversed 
them®, proves, as we might indeed expect, that the number of Permian fossils will 
be found to be in proportion to the extent of the sea of that epoch, the bottom of 
which has been explored. 

To enable our readers to form their own conclusions on this point, let us cast a 
rapid glance over the various fossil lists which have been published by authors 
who have described the Zechstein of Germany or of England. 

Schlotheim ’, who first paid attention to the organic remains of this group, de- 
scribes fifteen species only. 

^ Terebratulae have been since found by Count Keyserling on the banks of the river Suchona, in beds 
wherein we did not detect fossils. (See Map, and p. .177.) 

» Our excellent friend Major Wangenheim Von Qualen is the only person of our acquaintance, who 
residing in the heart of the Permian region, occupies himself in collecting fossils. To him is due the, 
discovery of the Saurians described by Fischer and mentioned by ourselves, and we learn whilst we write, 
that he has found an almost entire skeleton of one of these animals. 

’ Denkschriften der Mun. Akad., 1817, vol. vi. 
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Professor Sedgwick >, in his memoir on the Magnesian limestone of the North 
of England, indicates thirty-three species distributed in the following manner 
Fishes, 8 ; Cephalopod (^fragment of) ; shells, 22 ; of these 8 only are determined; 
and 2 Betepores. 

M. Quenstedt *, in a careful comparison of the fossils of the Zechstein of Thu- 
ringia with those of the Magnesian Limestone of England, enumerates 10 fishes, 
16 shells, 1 encrinite, and 4 corals. 

M. Kurtze® and Professor Germa^^ in describing the organic remains of the 
Kupfer Schiefer of Mansfeld, have made us acquainted with 8 or 10 fishes only ; 
but Professor Agassiz and Count Miinster have amply supplied the deficiency *. 

Mr. Binney and Mr. Brown ® have recognised 1 7 species of fossils, many of them 
microscopic, in the red marls of Manchester, which we consider to be of this age. 

Lastly, the Ifet of the remains of the Zechstein of Saxony, recently prepared by 
Dr. Geinitz^, includes 11 fishes, 1 Nautilus, 7 Gasteropoda (3 only determined), 
8 Conchifers, 1 1 Brachiopods, 1 Encrinus, and 5 corals — in all 4l species. 

The number of species, as we have just said, which we collected in Russia, 
amounts to fifty-three, i. e. about a third of the total number composing the whole 
of the known Permian fauna. Of these thirty-two are peculiar to Russia. Among 
the 21 species which remain, 16 are known in the Zechstein of Germany or in the 
Magnesian Limestone of England, and 5 only appear to be absolutely identical 
with species which have hitherto been found in the more ancient palasozoic depo- 
sits. If we analyse this number of 16, which is common to the Permian system 
of Russia and the rest of Europe, we perceive that four of the species existed at the 
preceding or Carboniferous period ; and if to these, five others be added, which in 
Russia are peculiar to the Permian strata, whilst they are identical with carboni- 
ferous forms of other countries, we learn that among 21 Permian species common 
to Russia and Western Europe, 9 have lived on during both epochs. When, how- 
ever, we restrict our view to Russia, it is found that of these 9, 3 only of the 53 

‘ On the geological relations, etc. of *the Magnesian Limestone (Transact. Geol. Soc. of London, 2nd 
series, vol. iii. part 1, 1829). 

* Ober die identitat der petrificate der ThUringischen und Englischen Zechsteines (Wiegm. Archiv, 
1839, p. 79-89, pi. i.). 

^ Kurtze ; commentatio de petrefactis quee in schisto bituminoso Mansfeldensi reperiuntur. Hallse, 1839. 

^ G«rmar; die Versteinerungen der Mansfelder Kupferschiefers. Halle, 1840. 

^ Agassiz, Poissons Fossiles, and Munster’s fieitrage. Heft 1, 3, 5 and 6. 

* Transactions of the Manchester Geological Society, 1841, vol. i. 

’ Gaea von Sadhsen (Dresden und Leipzig, 1843). 
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Penniaa species of that country descend into the palaeozoic rocks. These results 
prove, that there necessarily exists a relation between the greater or less duration 
of the existence of species and their propagation or extensfon to distant parts, and 
it confirms, in a remarkable manner, that law previously announced by one of us*, 
viz. “ that the species which are found in a great number of localities, in very distant 
countries, are almost always those which have lived during the formation of several 
different systems.” 

Let us now take a rapid view of the species found in Russia, in order to com- 
pare them, in each class, with those of other parts of Europe, and thus to bring 
out in strong relief the contemporaneity of the deposit in distant countries. 

By the study of ichthyolites Palaeontology seemed to teach us, as we have before 
said, that in proportion to their elevation in the animal kingdom, fossils are most 
characteristic of given deposits. But much caution is required before we can reason 
from this doctrine inversely, and infer that the lower the order of animal the more 
uncertain criterion is it of the age of the stratum. From the existence of some species 
of corals, both in Silurian and Devonian rocks of great thickness, it is ascertained, 
that under certain conditions these creatures lived on through very long periods. But 
can we apply this view to the Permian rocks ? Are Polypifers of the pre-existing 
Carboniferous age found in them, and to what extent ? Had our own imperfect know- 
ledge been appealed to, we should have said with our precursors, that several forms 
of this low class of beings were common to the two systems. The philosophic 
researches, however, of Mr. Lonsdale have convinced this great authority on such 
a subject that when examined under a lens of high power, nearly all the Permian 
corals are seen to be distinct in species from those of the Carboniferous sera. 

Concerning the Brachiopods we may venture to express our own opinion. Of 
twenty species eight are peculiar to Russia, and twelve are already known 

— - r 

elsewhere. These twelve species are thus distributed : two, viz. Terehratula pec- 
tinifera and T. plica, belong exclusively to the Zechstein of Western Europe ; a 
third, Spirifer undulatus, is doubtful ; three, viz. S. cristatus, T^ebratula elongata 
and Lingula Mytiloides, are common to the Zechstein and the older formations ; 
one, the Terehratula Schlotheimi, occmtb in carboniferous rocks in Western Europe, 
and in the Permian strata of Russia : and lastly, five others, Terehratula Royssii, 

^ De Vemeuil and D'Archiac, Trane. Geol. Soc. Lond. 2nd series, vol. vi. p. 335. 

^ See Mr. Lonsdale’s Description of the Corals of the Silurian and Devonian rocks in Murchison’s * Silu- 
rian System;' also in the GeoL Trans, vol. v. p. 734 ; vouvL p. 227 et ieq* See also his Description of 
the Russian Corals in an Appendix. ' 
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T. coneentriea, Spirifer hyaterieus, Chonetaa aardnulata and Productm Cmerini, are 
peculiar, in* the west, to the carboniferous or subjacent formations. The com- 
parison of these twelVe species of Brachiopods with those of Western Europe, 
appears, at first sight, to be indecisive of the question, as to the stage in the 
geological series in which we ought to place the Permian deposits of Russia. But 
without even quitting this class of Brachiopods, the consideration of their other 
species shows an amount of parallelism, in the modifications they have undergone 
simultaneously in both countries, which in itself excludes all doubt. The Pro- 
ductus horreacena, for example, however distinguishable from the P. horridua, is 
evidently the analogue of this shell so characteristic of the Zechstein ; and the 
disappearance of all the large carboniferous Product! with longitudinal striae, and 
their replacement by small spinose species, as well as the striking diminution of 
every species ‘of Orthis, both in Russia and in the West of Europe, are strong 
negative characters, which clearly establish the contemporaneity of distant strata, 
accumulated under the influence of analogous organic laws. * 

The Dimyaria present eleven Permian forms in Russia, of which eight species are 
peculiar to the country, and three others to the rest of Europe. Among the shells of 
this class the Modiola is the most abundant genus in Russia, — a fact which is in 
perfect harmony with the distinguishing features of the system in other countries. 

The Monomyaria are less numerous, and are represented in Russia by seven 
species, four of which are peculiar to the empire, and three are already known in 
the Magnesian Limestone of the West. These three species all belong to the genus 
Avicula, which in Russia, as in all the other regions of the same geological age, offers 
several small smooth species, and is, above all, rich in specimens. Among the 
species peculiar to Russia, we may cite the Avicula Kazanenaia, which there replaces 
the Avicula apeluncaria of Germany, the existence of which in Russia is problematical. 

The Gastropods do not present any interesting result, except that of the very 
limited number of their species, which is in conformity with the general law we 
have remarked in the relations of the Permian fauna. So is it with the Cephalopods 
and Trilobites ; for the entire absence of the latter and the extreme rarity of the 
former, are completely in harmony with the facts observed in the other Permian 
regions of Europe. 

The small number of fishes enumerated up to the present day in Russia might at 
first seem to be less accordant with what has been observed elsewhere ; but we 
must remark, that it is rather to the want of sufficient researches, and also to the 
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deficiency of adequate identification and description, than to the non-existence 
of such forms, that the poverty of our list is due. In proof of this it may be stated, 
that we have visited one of the chief localities only, Kargald, where the remains of 
fishes are associated with those of thecodont Saurians, whilst we inspected other 
specimens from near Menselinsk and from the district of Bielebei, as well as from 
various places (some of the best of which are now deposited in the Museum of the 
School of Mines), which convinced us, that many species have already been 
discovered in true Permian strata*. On this subject, however, we must refer to 
the description preparing by Professor Agassiz and which has not yet reached us, 
of the few fragments of fishes of which we obtained possession. (See Part III.) 

Lastly, we repeat, that there appears in Russia, as well as through Western 
Europe, in the deposits of which we now treat, a class of large and peculiar ver- 
tebrata as yet unknown in older rocks ; and this striking coincidence between the 
eastern and western extremities of a great continent is one of the best proofs, that 
the laws, which id ancient epochs, presided over the first appearance of new classes 
of animals, exercised a simultaneous influence over vast territories, if not over 
the whole surface of the globe. • 

This synchronous development of the chief phsenomena of organic nature ap- 
pears to us to afford additional demonstration of the contemporaneity of the deposits 
which occupy so large a portion of the surface of Russia, and which we have 
termed Permian, with those strata never previously grouped together upon geolo- 
gical and zoological evidences ; viz. the Rothe-todte-liegende, Kupfer Schiefer, 
Zechstein, or Magnesian Limestone, and the lower part of the Bunter Sandstein, 
or Gr^s bigarr^ (Gr6s Vosgien) of M. Elie de Beaumont. The number of Russian 
species identical with those of Western Europe is, indeed, pretty nearly what we 
might expect to meet with in this remote portion of Europe, where these deposits, 
not separated from each other by chains of older rocks, or interfered with by any 
ridges of intrusive character, constitute the most enormous basin ever yet described 
by geologists, the uniformity of which may be well explained, by. its having been 
accumulated in a sea of such very large dimensions. 

General remarks on the Permian Flora . — In the preceding pages we have more 

* Fossil fishes of more than one species were also procured by Baron Humboldt and his associates 
Rose and £hrenberg» from the copper sands of Verchni-Moulinsk near Perm, and they are deposited in 
the Royal Museum of Berlin, where we inspected them. They are mentioned by M. G. Rose in the 
description of the journey of Baron Humboldt, vol. i. p. 1 17 , and will be described by Dr. Girard of Berlin. 
One of them seemed to us to be not very distant from Pakeoniacut catopterus, Ag. c 
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than once alluded to the plants of the Permian 8y|kem found in Russia, and fortu- 
nately before this chapter is closed, we are enabled |o give their general character 
from the pen of M. Adolphe Brongniart. 

These plants were first submitted to the examination of our friend Mr. Morris, under whose direction four plates 
of them were prepared, but like ourselves he felt desirous to obtain the opinion of M. Brongniart. That great 
authority in fossil botany, whose detailed description will be given in Part III., recognises the following genera and 
species, from the form of their leaves, viz. Neuropteris aalidfolia (Fischer), N, tenuifolia (Ad. Brong.), Odontopteria 
Strogonovii (nob, y,Adiantiiea Strogonovii (Fisch.), 0. Permienaia (Brong.), 0. Fiacheri (Brong.), Pecoptaria Oop- 
pertii (nob.), P. Wangenheimii (Brong.), Neuropteria (Fisch.), Sphenopteria lohata (nob.), S. eroaa (nob.), S. incerta 
(Brong.), Hgmenophyllitea (Fisch.), Noggeraihia cune\foUa (Brong.), Sphenopteria (Kutorga), N, expanaa (Brong.). 
Without having reference to the original specimens of some of the ferns, M. Brogniart remarks, that it is impossible 
he should adopt a decided opinion respecting such forms as those which have been termed by Fischer Adiantitea 
Goppertii, A. Brownii, and A, Brongniartii ; whilst he has no doubt, that the Sphenopteria cuneifolia of Kutorga is 
certainly a portion of a Noeggerathia, of which genus there may, he says, be more than one species. 

Judging from the stems which he has examined, M. Brongniart adds to the list Lepidodendron (species doubtful), 
L, elongatum (Ad. Brong.), Calamitea (n. sp. ?), closely allied to several species of the coal fields, and particularly 
to C. Suekowii ? • 

In conclusion, M. Brongniart observes, “ If, after having thus passed in review*, 
all the specimens of this system (Terrain), which I have examined myself, and 
those which are adequately figured, we compare this group of plants, as yet of 
small numbers, with the floras of the periods nearest to your Permian rocks, I 
remark, — 1st. That two species appear to be identical with the plants of the Car- 
boniferous deposits (Terrain houiller) , viz. Neuropteris tenuifolia and Lepidodendron 
elongatum-, whilst a large Calamite approaches to C. Suckowii?. 2nd. The other 
species, to the number of eleven, have not been observed up to this day in any 
other formation, neither in the coal-fields nor in the Trias. These are, Neuropteris 
salicifolia, Odontopteris Strogonovii, O. Permiensis, 0. Fischeri, Pecopteris Gop- 
pertii, P. Wangenheimii, Sphenopteris lohata, 8. erosa, 8. incerta, Noeggerathia 
cuneifolia, N. expanse. 3rd. All these genera are common to the Permian and 
the Carboniferous systems, whilst up to the present time, the Lepidodendron, 
Noeggerathia, and Odontopteris have been found in the latter only, the true Neu- 
ropteris having been rarely detected in any other deposit. 4th. No one of 
these Permian fossils can be compared with the plants of the Trias. The absence 
of the characteristic Conifera of the lowermost division of these rocks (the Voltziae), 
and those even (such as the Walchiaj) which are found in the upper stages of the 
coal-field and in the schists of Loddve, indicate a very marked difference between 
the Flora of the Permian system and that of the New Red Sandstone or Trias. 
5th. Botanically, the plants of the Permian system seem to be a continuation of 

‘ The new spedes marked nobis are named by Mr. Morrif 

* These details are given in^Partlll. 
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vegetable life of the same nature as that which prevailed during the Carboniferous 
sera. 6th. The fossil plants (few in number no doubt) which are contained in the 
Kupfer Schiefer and Zechstein of Germany i, being for the* most part marine, are 
necessarily very different from land plants of the Permian rocks of Russia.” 

The results of the inquiries of the botanist are therefore completely in accord- 
ance with those of the palaeontologist. They clearly prove that the Permian 
system is the uppermost stage of that long Palaeozoic series, which commencing 
with the lowest Silurian rocks, presents a connected succession of animal and ve- 
getable life, the last traces of which passed away with the termination of the strata 
under review. Until Russia was explored, this upper member of these ancient 
rocks had scarcely afforded a trace of terrestrial plants. Neither in the British 
Isles nor in Germany had there been found more than one or two species of land 
plants in deposits of this age, no one of which has yet been fully identified or de- 
scribed. Now in reference to our Russian species, such of them as had been 
previously alluded to by other writers, were placed by some in the carboniferous 
rocks, by others in the New Red Sandstone*. Our sections, however, have shown 
that neither of these views is correct ; and as the Russian plants to which we have 
called attention, occur for the most part in strata distinctly overlying beds contain- 
ing the fossils of the Zechstein, it is clear that certain red sandstones, marls and 
conglomerates, above that rock belong to our Permian group, are wholly distinct 
from the Trias, and are truly Palaeozoic. 

We repeat, therefore, that we have now adduced ample botanical as well as zoo- 
logical and stratigraphical evidence to vindicate the application of the collective 
word Permian, to a succession of strata which had not been previously united 
through their geological relations and organic contents. 

These proofs will, w'e trust, be considered as still more strongly borne out by 
the grandeur of the phenomena to which we have appealed ; for the Permian de- 
posits of Russia repose upon Carboniferous strata throughout more than two- 
thirds of a basin which has a circumference of not less than 4000, English miles. 

' The species of plants, ten or twelve in number, which have been found in the Kupfer Schiefer or the 
sandy beds associated with the Zechstein in Germany, are chiefly marine fucoids, and have been termed 
Caulerpites. According to M. Adolphe Brongniart, the only terrestrial plants of these German strata are 
the Tniopterii Eckardi (Gennar), and a Neuropteris mentioned by Naumann, which not being deter- 
mined is doubtful. 

* See a very recent memoir by M. Yasikofl; Bull, de Moscou, 1843, part ii. p. 237, in which he refers 
an interesting portion of tiie Permian rocks described by us upon the Kama, and betwe^ t hat river and 
the Sok, either to the New Red Sandstone or the Carboniferous Limestone. 
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,ULAR LIST OF THE ANIMAL REMAINS OF THE PERMIAN SYSTEM IN EUROPE. 

The abbreviatione SU., Dev., Carb., and Perm., and the letters S., D., C., P. after the localities, refer to the Silurian, Devonian 
Carboniferous and Permian systems. The letters R. and E. respectively indicate that the species has been found in Russia or 
elsewhere in Europe. The Russian localities are printed in Italics. The letters MS. King, refer to a monograph of the Magne- 
sian Limestone fossils of England, about to be published by Mr. King, Curator of the Museum at Newcastle-upon-Tyne. ^ 


Paubozoic Systbms. 


[YERA AND Species. Authors and References. 


Sit. Dev. Carb.: Perm. 


POLYPARIA. 

ihia Goldf. 

ndescribed King, MS 

lia ? Miinst. 

idescribed King, MS 

bophyllum Goldf. 

•ofundum Germar, Geinitz, N. Jahrb. 1842, p.579- • 

tab. 10. f. 14 a. 
ophyllum? Goldf. 

crustans Lons, posteh, pt. iii 

liclidia Lons. 

inigera Lons, posteh, pt. iii 


assa Lons, posted,, pt. iii 

lora Goldf. 

idescribcd King, MS 

itella Miller. 

ceps Lons. pt. iii. Ceratoph. id. Schl 

Miin. Ak. vi. pi. 2. f.7; Gorgonia, id. 
Goldf. tab. 36. f. 1 ; Schl. Syst. Verg. 

Pet. Samml. p.l9 ; Quenstedt, Wiegm. 
^Archiv, Isa.*!; p. 92; Geinitz, N. Jahrb. 
1841, p.641; and Gaea v. Sachsen, p.98. 

tiquB Gorgonia, id. ; Goldf. p.98 ; Geinitz, Gaea E. 

V. Sachs, p. 98 ; Kutorga Verb. M. G. 
Petersb. 1842. pi, 6. f. G. 


. £. Humbleton near Sunderland 
(K.)*. 

E. IbidCK.). 

E. Ilmenau, Mansfeld (G.) Introduced on 

the authority of 
Geinitz. 

R. UsU Vaga, Kirilof (De V.) . 

R.E..> Ust-Vaga, Orenburg, Ikhegulova, 

Jtschalici (De V.) ; Grebeni (De 
V.), Humbleton. ? 

R. Uat‘ Vaga (De V.). 

£. Humbleton (K.). 

E. Gluck8brunib(Sc.Gf.); Konitz (G. 

K.) ; Pdsneck, Kamsdorf, Cor- 
busen, Schwaara, and Dinz 
near Gera (G.) ; Humbleton (K.) 


hndibuliformis . 


INODERMATA. 
CairfoiDBA. 
lites 


.Gorgonia, id. Schl. Miin. Ak. vi. pi. 2. E. 
f.4; pl.3. f. 1. (Encrinites raraosus, 
pi. 4. f. lO.) Gorgonia id. Goldf. pi. 7. 
f. 1 ; Quenstedt, Wiegm. Archiv, 1835, 
p. 91 ; Geinitz, Gaea v. Sachs. 1843, 
p.98. 

. postea, pt. iii. ; Retepora id. Phillips, 

Geol. Trans. 2nd series, iii. p. 120. pi. 

12. f. 8; Gorgonia infundibuliformis? 
Goldf. tab 10. f. 1 a {excluais aliis). 

.posted, pt. iii.; Gorgonia id. Goldf. pl.36 

f. 2 a {excluaia aliia). 

.posted, pt.iii. Harnera? id. King, MS 

. posted, pt. iii. Escharites id. Schloth 

Miin. Ak. vi. pi. 1. f. 1, 2; Eschara 
id. Schloth. Syst. Verz. Pet, Samml. 
p. 19; Gorgonia infundibuliformis 
Goldf. j)l. 36. f. 2, 6. c; Quenstedt, 
Wiegm. Archiv, 1835, p. 89 ; Geinitz, 

Gaea v. Sachsen, p. 98. 

. posted, pt. iii. Retepora id. Phillips, Geol 

Trans. 2nd series, iii. p. 120. pi. 12. 
f. 6, 7. 


E. R. ? E. Dudley, S.;Eifel, and Devonshire ? " 

D.(Gf.P.); Ural,C. (Gf.); S/er- 
litamak, C. (De V.) ; Konitz, 
Kamsdorf, &c. P. (G.). 

E E. ? Gliicksbrunn (Sc. Gf.) ; Konitz, 

Pdsneck, Corbusen (G.). 


Introduced as 
Zechstein spe- 
cies on the 
'authority of 
Schlotheim. 


E. Humbleton(S.K.); Konitz (K.G.); ' 
Glucksbrunn (Gf.G.); Pdsneck 
(G.). 

R. Ural} {Gf.), Ikhegulova, Tchagea- 
trova on the Dwina (DeV.). 

E. Humbleton (K.). 

R. E. Glucksbrunn (Sc.Gf. G.) ; Konitz, 
Pdsneck (G.) ; liachalki ; Gre- 
beni (De V.). 


E. Humbleton (S. K.). 


. Schl. Beitr. pt. ii. pl. 2. f. 8 ; pi. 3. f. 9- . 
15 ; Geinitz, Gaea v. Sachsen, p. 98 ; 
Cyath. planus. Miller, p.80. 


E. Bristol, Ireland, C. ; Glucks- 
brunn, Kamsdorf, Pdsneck, 
Mansfeld, Humbleton, P. 


A species of an 
undescribed Ci- 
daris has been 
found at Humble- 
ton bv Mr. King. 


e class P( 
nifies De 


Polyparia the authority for the locality is given, as specimens from each have not, in all ca8^s,been inspected by Mr. Lonsdale, 
)e Vemeail, G. Geinitz, Gf. Goldfum, K. King, M. Mnrebieon, S. Sedgwick, Sc. Schlotheim. 

2 o 
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CONCHIFERA. 

Beacbiopoda. 

iTerelnratula 

— eloQgata 


8 


10 


Gbnbea end Species. 


— id. var. . 


— Bufflata 

— coDcentrica 

— Rowsyi 


I — pectinifera 
Geinitziaoa . 

— inflata? 

— • paradoza ? 

— pygnuea ? . . . 


lacanosa?.. 


— Buperstes 

— Schlotheimii.. 


Spirifer 

1 — undulatus.. 


— multiplicatUB 
hystericus ? 


cnstatus 


— curviroBtris . 


Autuoes and Refbrbnobs. 


iPaubozoxc Systems. 


Brug. 

|Schl. (non Sow.) Pet. pl.20. f.2; Nachtr. 
20. f.2 ; id. Miin. Akad. vol. vi. pi. 7. 
f. 7 ; V. Buch. Ub. Ter. p. 106 ; Gei- 
nitz^Goeav. Sachs, p.97 ; RbmerVerst. 
des Harz. pi. 5. f. 18, 19, 20 ; T. Qua- 
leniiFisch.; Bull, de Moscou, 1842, 
p.466; id. Kutorga, 1842, Verb. M.G. 
St.Petersb. p.26. pl.C. f.2; T. haatata? 
Phill. (non Sow.) Pal. Foss. pi. 35, 
f. 168 ; Tab. nost. IX. f. 9 a, h, c, d. 

It. plica, Kutorga, 1842, Verb. M. G.| 
St. Petersb. p. 26. pi. 5. f. 11. 


Schl. Miin. Ak.vi. pi. 7. f. 10, 11 ; Mem, 
Soc. Geol. Fr. vol. iii. pi. 19- f. 12 bis.l 
V.Buch, Ub.Tereb. and Mem. Soc. Geol.| 
Fr. vol.iii.p.216. Tab.nost.VIll. f. 15 
[Bull. Soc. Geol. Fr. vol. xi. pi. 3. f. 1 6, c,d.j 
Sp. id. I’Eveille, Mem, Soc. Geol. Fr. 
vol. ii. pi. 2. f. 18-20 ; De Kon. Foss, 
Belg. pi. 20. f. 1. pi. 21. f. 1. 

Atrj’pa, Sow. Min. Conch, vol.vii. pl.616; 

Tab. nost. VIII. f. 10 «, h. 
nob. Tab. nost. X, f. 5 a, b 


Schl. 
idem . 


idem. . 


|Von Buch, Ter. p. 49; Zieten, pi. 41.| 
f. 5 ; Geinitz, Gjea von Sachsen, p. 


nob. Tab. nost. VIII. f, 5 a, b, c, d, e . 


[Tab. nost. VIII. f. 4 a, h, c,d, e; T. la- 
cunosa, Schl. Miin. Ak. vol. vi. pi. 8. 
f. 15-20; T. Schlotheimii, Von Buch, 
Mem. Soc. Geol. Fr. vol. iii. pi. 14, f. 7 ; 
Geinitz, Jahrb. Min. 1841, p. 640 ; id 
Giea v. Sachsen, p. 96. 

Sow. 

ISow. Min. Conch. 562. f. 1 ; Ter. alatus, 
Schl. Min. Tasch. VII. pi. 2. f. 1, 3, 9; 
Petref. p. 250 ; Quenst. Wiegm. Arch. 
1835, p.79; V. Buch, Ub. Delth. p.37 ; 
Gein. Gaea v. Sachsen, p. 97. 

ISow. Geol. Tr. 2nd8er. t. iii. p. 1 19.. 
ISchl. Pet. p. 249. pi. 29. f. 1 ; De Kon.l 
Foss. Belg. p, 230. pi. 15. f. 3 ; Del 
thyria micropterua, Goldf. 

[Schl. Mun. Ak. 1817, t.vi. pi. 1. f.3;| 
S. octoplicatUB, Sow. Min. Conch.562, 
f. 2, 3 ; V. Buch, Uber Delth. p. 39. 
and M^m. Soc. G^ol. Fr. pi. 8. f. 9; 
Gein. Gnav. SachBen, p. 97 ; De Kon. 
Fobs, de Belg. p. 240. pi. 15. f. 5. 

Inob. Tab. nost. VI. f. 14 a, b 


SU. Dev. Cub. Perm. 


!r.e. 


E. 


E. 


R. 


R.E. 


R.E. 

E. 

R. 

R. 

R.E. 

R. 


jGrutfd, Harz; Newton Bushel 
D. ; Yorksh. C. ; Schmerbach, 
GlUcksbrunn, Corbuaen, Pba- 
neck, Humbleton, Itachalki, Ni- 
kefur, Santangulova, 2 versts 
from the Dioma, Tchelpan, Ye- 
mangulova, mouth of the Sak-\ 
mara near Orenbourg, Ilche- 
gulova ; river Suchona, P. 

Sterliiamak, C. ; Kirilof, Hum* 
blcton, Corbuaen, P. 


E.? 


E. 


R.?E 


£. 

R.? 


R. E. 


Localltlei. 


n. 


Glucksbrunn, Schmerbach, Hum- 
bleton. 

Eifel, Boulonnais, Lake Ilmen, D.; 
Nik^ur, P. 

[Tournay,C.; Kirilof, Arzamas, P, 


Kirilof, Tioplova, Bielebei, Hum 
bleton. 

Shidrova\ river Suchona ... 


Schmerbach, Rbjisen 
|ibid. 

Leimstein. 


Ilmcnau (Geinitz), Humbleton 
(V. Buch). 


\Kirilof. 

Sterliiamak, Sarana, C.; Hum-I 
bleton, Schmerbach, Ilmenau,| 
Corbuaen, Konitz, Gera, P. 


Midderidge, Humbleton, Gera, 
Rbpaen, Konitz, Schmerbach,! 

.(Fisch. Bull. Mosc.| 
1842, p.466,) 


Humbleton 

Kayserateinel, S. ; Eifel, D.; Tour- 
nay, C. ; Kirilof t P. 

|Dcrbyshire, Vise, C. ; Gliicks- 
brunn, Konitz, Ilmenau, Hum- 
bleton, Arzamas, Itschalki, P. 


\KiHlof. 


Obiervettoni. 


. lata^ compla* 
Inata, intermedia 
Schl., Miin. Ak. 
|vol.vi.pl.7.f.l2- 
14. (according tc 
M. Geinitz.) 

Variety with a 
dorsal ainuB ; ac- 
cording to M. de 
Buch, sometimeB 
the T. elongaia 
has the dorsal 
valve sinuated. 
Closely allied to . 
the preceding i 
variety, | 

I 


iTliia species is 
nearly allied to 
T. Thurmanni, 
These three 
species are men-l 
tioned in M. De-| 
chen's transla- 
|tion of De la 
Beche's Geol. 
Manual, but not 
described. 

We believe that 
this Jurassic spe-| 
cies has never 
been found in the| 
Zechstein. 


Mr. King pro- 
poses for this 
and the prece- 
jding shell a new| 
genus under the 
name of Came- 
ophoria. 
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Spirifer Blasii 

— rugulatUB* 

— ind. spec 

Orthis 

— pelargonata 

— Wangenheimi 

excavata 

Chonetes 

— sarcinulata 


Productus ... 
I— horridus 


6 


GiifBaA AND SpBoias. 


— horrescens 

— Cancrini ... 


Leplayi 

I — Morrisianus 


— spiniferust 


ILinguIa 

— mytiloides 


Orbicula 

— ?speluncaria.< 


nob. Tab. nost. VI. f. 9 a, h, c, d 

iKiitorga^ 1842, Verb. M. G. St. Petersb. 
p. 22. pi. 6. f. 5. 

iTab.nost. VI. f.*L3. 


CoNCHlFKRA DIMYARIA. 

Soleraya 

— biarmica 


lAllorUma 

elegans 

lOsteodeBma ... 
— Kutorgana 


Authors and Rifbrincxb. 


iDalm. 

Ter. id. Schl. Miin. Ak. vi. pi. 8. f. 21- 
24 ; 0. Laspii, V. Bucb, M^m. Soc. 
G^ol. Fr. iv. p. 210. 

|nob. Tab. nost. XI. f. 6 a, & 

Geinitz, N. Jahrb. fur Min. 1842, p. 578. 
pi. 10. f. 12, 13 i Gein. G»a v. Sach- 
sen, p. 97. 

Fischer. 

|Ter. id. Schl. 1820, Petref. p. 256. pi. 29. 
f. 3; 0. Btriatella, Dalm. ; id. His. Leth. 
Suec. 20. f. 7 ; Lept. lata, V. Buch, 
Berl. Akad. 1828, pi. 3. f. 1 et 2 ; Or 
this Hardrensis, Phill. Pal. Fos. C0.| 
f. 104. 

Sow. 

So\nP. Min. Conch, pi. 319. f . 1 ; P. cal-j 
vus, pi. 569. f. 2-6 ; Gryphites aculea- 
tus, Schl. Min. Taschb. vii. pi. 4. f. 1, 
2, 3 ; Pr. id. Quenstedt, Wiegm. Arch. 
1835, pi. 1. f. 2; Bronn. Leth. pi. 3. 
f. 1, 2; Gein. Jahrb. 1841, p. 640; id. 
Gaea v. Sachson, p. 97 ; P. Hoppii,K6n. 
Icon. Fob. Sect. pi. 9. f. 108. 
nob. Tab. nost.XVIlI. f. 1 a, h,c, d; P. 
calva, Kutorga (non Sow.), Verb. M. 
G. St, Petersb. p. 17. pi. 5. f. 1. 
nob. Tab. nost. XVIII. f. 7. et XVI. f. 8 
a,h,c\ De Kon. Fos. Belg. p. 179- pi. 
9. f. 3 ; Fisch. Bull. Moscou, 1842, 
p. 466 ; P. spinosuB, Kutorga loc. cit. 
p. 18, pi. 5. f. 2. (non Sow.) 

Inob. Tab. nost. XVI. {.4 a, h 

Strophalosia Morrisiana, King (MS.) 


iStrophalosia spinifera. King (MS.) . 


Bnig. 

Sow. Min. Conch, pi. 19. f. 1# 2 ; Port- 
lock, Rep. Losidond.p. 444. pi. 32. f.7 

|Lam. 

Schl. De la Beche’s Manual, German edi- 
tion, p. 459. 


Lam. 

nob. Tab. nost. XIX. f. 4 o, 5. , 


King (MS.). 

King (MS.) 

Desh^cs. 

nob. Tab. nost. XIX. f. 9.. 


PauiozoicSybtxms 


811. Dtv. Curb. Penn, 


R.E. 


R.E. 


E. 


E. 


E. 


IR.? E. 

E. 

R. 

|R.? E, 

a. 


LooaUtlM. 


Kirilqf, 

Saniangulovti, distr. of BieUthti, 
Santangulwa, 


Ropsen (V. Buch), Kbnitz (De-| 
chen),Schmerbach (Quenst^t) 

Grebenu 

lAltenburg near Posneck 


Ludlow, Eras, DaunPriim, Goth-| 
land, Pohroi, S. ; Berry, Pome- 
roy, Eifel D. ; Hardrow, York- 
8hire,Tournay; Fitegra^Dwina, 
Donetz, C. ; neighbourhood of 
Bachmuth, P. 


|(51uck8brunn,Ei8enach,Kam8dorf, 
llmenau, Ropsen, Schmerbach,| 
Humbleton, Durham. 


Ust-Vaga, Kirilof, Kramoborfik\ 
Nikefur, several localities in the| 
district of BUdebei, 

|Vi8^, C, ; Arzamas, Itschalki,] 
Kniaspavlmm, Ustlon and Svi- 
ask near Kosan, Kliutziski, 
Kidasht Nikefur, llchpgulova,\ 
Metaftamak, Grebeni, P, 
Bielagorskaia near Bachmuth. 
Humbleton 


Humbleton . 


IWolsingham, Co. of Durham, Ty- 
rone, C. ; Thick ley, Cleveline^ 
on the Tchermsham, P. 


Glucksbrunn 


^Kniaspavlova near Bamukova 
Gorodok on the Tchussowaya 
Karla, district of Bielebei. 

Arzamas; Humbleton. 

Arzamas, Sergiesk, Nikefur. 


ObNrratioDi. 


Aff.O.crenwfria, 


This shell, which 
|we have not seen, 
is said to have ? 
concave ventral 
valve. It may be 
a Leptama } 


The name of P. 
aeufeaffM,givenip 
1813 to this shell 
by Schlotheim, 
jwas previously 
used in 1809 oy 
'Martin for ano- 
Ither species. 


Productus, with 
a small area as in 
P. horrescens und 
subaculeatus. 

With an area like 
that of the pre- 
ceding. 

The Russian 
specimen ap- 
proaches toL.pa- 
rallela, Phill. 

A very doubtful 
body. 


• Besides these seven species, several other Spiriferi are quoted in the Zechstein, but without any details, such as the S. minutus, ^w. (Se^- 
wick, Geol. Trans, vol. iii. p. 1T9), the S. muWcostatus, Dechen (Geinitz, Gaea von Sachsen). It is also very doubtful if the S. tngonaUs has 
been really found in the Zechstein, though it is mentioned in the German translation of De la Beche’s Manual. , i 
t The P. rugosus (Schl.), antiquatus (Sow.), spinosus (Sow.), md*longispinus (id.), are quoted in the Gevman edition of Dela Beche s Manual 
as found in the Zechstein, but new and more accurate researches have proved the non-existence of these species in this deposit. 

2 G 2 
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Gbnbra and Spbcibb. 


Palaeozoic Ststbms. 


Authors and Rbfbrbnces. 


SU. Dev. Carb. Penn. 


Loealltlei. 


Obaervailont. 


Unio 

— umbonatus . 

— indet. spec. . 

Axinns 


1 — obscuruB . 

2 — paralleluB.. 


I — truncatus .... 
-> Schlotheimi . 


— Rossicus 


— rotundatus 


/ — parvus 

8 I — undatus ... 

9 j — pusillus . .. 
[10, — minimus .... 

Nucula 

I — Kazanensis 
I — Vinti 


Area 

!— tumida .. 
antiqua.. 


I — Kingiana .... 

Mytilus 

I — acuminatus . 


— septiferus . 

jModiola 

— Pallasi .... 


I— costata . 


I— modioliformis 

Pinna 

prisca 


Monomtaria. 

lAvicula 

— speiuncaria 


— keratophaga. 


< . 

I — antiqua 


Brug. 

[Fiacher, 1840, Bull, de la Soc. des Nat. 
de Moscou, p. 489 ; Tab. oost. XlX.f. 10. 
[utorga, 1842, Verb. M. G. St. Petersb. 
p. 27. pi. 6. f. 4 ; Unio acuta. Sow. 
Fisch. loc. cit. 

ISow. partim, Schizodus, King (MS.) 


Sow. Min. Con. pi. 314.. 
King (MS.) 


King (MS.) 

ICucullsa id. Geinitz, N. Jahrb. 184 1,| 
p. 038. pi. 11. f. 6 ; Tellinitea dubius, 
Schl. Miin. Ak. vi. pi. 6. f. 4, 5; Gffia| 
von Sachsen, p. 96- 
Inob. Tab. nost. XIX. f. 7 a, b. 


Brown, Manch. Trans, vol. i. pi. 6. f. 29.| 


id. ibid. p.65. pi. 6 . f. 30 

id. ibid. pi. 6. f. 31 ' 

lid. ibid.pl.G. f. 32 

(Lucina minima) id. ibid. pi. 6. f. 33.... 
jLam. 

!nob. Tab. nosl. XIX. f. 14 

|King (MS.) Astarte, Sedgw. Trans, Geol 
Soc. 2nd series, vol. iii. p. 119. 

|Linn. 

Sow. M.C. pi. 474. f. 3 

(Miinst.) Goldf. pi. 122. f. 8; Myt. stri-l 
atus, Schl. Miin. Ak. vol. vi. pi. 6. f. 3. 

|nob. pl.XIX.f. II 

Linn. 

Mod. id. Sow. Geol.Tr. 2nd ser. iii. p. 1 19;| 
Myt. Hausraanni, Goldf. pi. 138. f. 4. 

(King (MS.) 

Lam. 

Inob. Tab. nost, XIX. f. 10, a — Ic 


(Area costata) Brown, Manch. Tr. vol. i 
pi. vi. f. 34 ,35 ; Pleurophorus costatus, 
King (MS.). 

Pleurophorus modioliformis, King (MS ) 
Linn. 

Laspe, Miinst. 1839, Beitr. heft 1. p.45.| 
pl.4. f,4 ; Gein.Gaia von Sachsen, p.90.| 

iLam. 

iQuenst. Wiegm. Arch. 1835. pi. 1. f. 1 ; 
Gein.N.Jahrb.l841, p.039 ; Gryphites 
id. Schl. ; A. gryphaoidcs, Sow. Geol. 
Tr. 2nd series, p.l 19; Omal. d'H.Prec 
Klcm. de G. 1843. 

[Quenst. Wieg. Arch. 1835, p. 86; My- 
til. keratoph. Schl. Miin. Ak. vi. pi. 5. 
f.2; Goldf. pi. 110. f.O; Gein. N. 
Jahrb. 1841, p. 639 : aff. to A. lunu> 
lata, De Kon. Gsea von Sachs, p. 96. 
Miinst. Goldf. 116. f. 7; non Avic. id. 
Goldf. 160. f. 9. 


{Karla, district of Bifilehei, 
DcT. do. 


E. 


Garforth near Leeds. 

Coast between Shields and Sun- 
derland. 

Humbleton. 

Eisenach, Glucksbrunn, Gera 


£. 

. ..i E. 

.1 R.?E. 


1 


E. 

R. 

E. 


E. 

E. 

R. 

E. 

E. 

R. 


R. E 

E. 

E. 

!r.?e, 


Jtachalki, KliutziaJci on the Volga 
30 versts below Kazan, Clevelin^k 
on the Tcheremaham. 
iNewtown near Manchester. 

ibid., allied to E. Schlotheimi ? 
ibid. • 

ibid. Cleveline. 
ibid. 


f Believing that 
|the of th: 
Magnesian lime- 
stone differs es* 
sentiallyfromth- 
Aainus angulat^. 
of the London 
clay, Mr. King 
proposes the 
new generic nam.' 

L of Schizodus, 


Specimens given 
by M. Geinitz 
have convinced 
us that hib Cb- 
cullaa SeJUot^ 
ictmthad such a 
dental apparatuc 
as is seen in the 
Axinus Rossicus, 
nob. 


R. 


Sriaak. 

I Whitley, Durham. 

Durham, Humbleton*. 

Glucksbrunn. 

Rckfgulmm. 

Humbleton, Durham, lower beds] 
at Gera, Schwarzfeld. 

[Durham . 

\Arzamaa, liachalki, Bamukova, 
Uatlon, Kliutziski, Sfrgieak, 
'Jchistopol,Ilchpguhva,Nikefur, 
Greheni, Tchelpan, Tchugeatrova 
on the Dwina. 

\Jtachalki ; Humbleton,Newtown 
near Manchester, Yorkshire, 
Neustadt ? 

HumbJeton 

Glucksbrunn, Merzenberge near] 
Gera, Neustadt. 


[identical with th6 
Cucullm sulcata, 
iGeol.Tr. 2nd ser. 
vol. iii. p. 119. 


Mr. King pro- 
poses the new 
genus Pleuropho 
rua for these twe, 
fossils. 


R.E. 


R.E. 


Roschitz, Kbnltz, Pdsneck, Gliicks-I 
brunn; Arzamas} 


[Glucksbrunn, Kdnitz, Pdsneck, 
Kamsdorf, Humbleton, Usilon,\ 
Kargala. 


{Mala Yaroslavetz, Mary*a Canal, 
C. ; Glucksbrunn Humbleton ; 
Tioplova, Kliutziski, Piwga, 
Bamukova, 


AccordingtoMr. 
King, these two 
shells have two 
well-defined ad- 
ductor muscular 
impressions. 
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Avicula KazanenBiB . 

— sericea 

— inflata 


— Binneyi . 

— diBcors ... 

Gervillia 

? tumida 

— ind. spec. 

Pecten 

~ pusillus... 


I — Koksharofi ... 
indet. species 

Spondylus 

I— Goldfussii 


bstrea 

I — raatercula . 
— Fpusilla.... 


MOLLUSCA. 
Gasteropoda. 

Melania 

several ind. spec. . 
Natica 


2 


— rainima.. 


Gbnbba and Spbcibs. 


— ind, spec.... 
Euomphalas ... 

— planorbites 

Pleurotomaria 
carinata ... 


— penea 


- nodulosa 


Trochus 

— antrinus 

— helicina... 


iTurbo 

Mancuniensis 
1 — minutus 

— ind. spec. 
Macrocheilus ... 

— symmetricus 

Loxonema 

— rugifera 


— ? Urei . 


Turritella ... 
— biarmica 


iMnrcbisonia .... 
Bubangulata . 

iRissoa 

— pasilla 


Leighii 

t minutissima.. 

Gibsoni 

obtusa 


nob., poiteh, pt. iii 

ndb., po9teh, pt. iii 

Brown, Manch. Xrans. vol. i. p. 06. pi. 6, 
f. 25, 26. 

id. ibid. pi. 6. f. 27 

id. ibid. pi. 6. f. 28 

Defr. 

King (MS.) 

Gein. N. Jahrb. 1841, p. 039. pi. 11. f. 2. 
Linn. 

Pleuronectes pusillus, Schl. Miin. Ak. 
vi. pi. 6. f. 0. ; Lima pusilla, Quenst. 
Wieg.Arch. 1835, p. 81. 

nob., posted,, pt. iii 

Sow. Geol. Trans. 2nd series, iii. p. 120. 
Lam. 

MUnst. 1839, Beitr. heft 2. p. 44. pi. 4. 

f. 3 ; Gein. Gaea von Sachsen, p. 90. 
Linn. 

nob., posted, pt . iii 

King (MS.) 


Authors and Rbfbbbngbs. 


PaljboeoicStbtems. 


Lam. 

Phill. (MS.) Geol.Tr. 2"** s. vol. iii. 118. 
jAdanson. 

[Brown, Manchester Trans, vol. i. pi. 6 
f. 22, 23, 24. 

jAilied to the preceding 

Sow. 

Miinst. (Collect, of Dr. Schmidt at Jena) ; 

Gein. Gaea v. Sachsen, p. 94. 

Defr. 

Phill. G. Yorks, ii. pi. 15. f. 1.; Helix] 
id. Sow. Min. Conch, pi. 10. 

Dob., posted, pt. iii 


King (MS.)., 


Linn. 

ISchl. Miin. Ak. pi. 7- f. d. (Trochilites). 
|Trochil.helic. Schl. ; Quenst. Wiegra . A rch. 
1835 ; Turbo hel. Gein. .lahrb. 1841, p.| 
638 ; Troch. id. Gein. Gsea v, Sach.95.| 
Linn. 

Brown, Manch. Tr. vol. i. pi. 6. f.1,2, 3.| 

|Brown, ibid. pl.*0. f. 4, 5 

Gein. Gaea v. Sachsen, p. 95 

Phill. 

King (MS.) 

Phill. 

Phill. Pal. Foss. pi. 38. f. 188 ; Melania,! 

id. Ph. Geol. Yorks., ii. pi. ir>. f. 2C 
iTurritellaUrei, Flem. Brit. Anim. p. 305.1 
Ure Ruth. pi. 14. f. 7. 

Lam. 

Kutorga, Verb. M. G. St. Petersb. 1842, 
p. 28. pi. 6. f. 3. 

D' Arch . etDeV . ,Bul . S . G . deFr. xi i. p. 1 54 .| 

nob., posted, pt. iii 

|Fr5minville. 

Brown, Manchester Trans, vol. i. p. 63.1 
Dl.6.f.6,7,8. 

Brown,Man.Tr.vol.i.p.63.pl.6.f.9, 10,1 1 

id. ib. pi. 6. f. 12, 13, 14 , 

id. ib. pi. 6. f. 15, 16, 17 

id. ib. pi. 6. f. 19, 20, 21 


ffil. Dev. Cub. Penn. 


E. 


Lmtttlet. 


Obierrstlou. 


R. 

1 

Uitlon near Kazan, Sergiesk ^ 

Allied to A. spe^ 

R. 

Ustlon near Kazan, Arzamas, 

luncaria. 

E. 

Newtown near Manchester. 

E. 

ibid 


E. 

ibid 


E. 

Humbleton. 


E. 

Altenburg, Sommeritz, etc. 


E. 

Gliicksbrunn, Humbleton. 


R. 

Shidrova. 


E. 

Humbleton. 


E. 

Ropsen near Gera ; Corbusen. 


11. 

Itschalki 

When we dis- 

E. 

Coast between Shields and Sun- 

covered it, this 

E. 

dcrland. 

Ostrea was the . 
most ancient ex- 
ample known of 
the genus; but 

Hawthorn Hive, Durham. 

whilst we write, 
M, de Koninck 

E. 

R. 

Newtown, Humbleton. 

has discovered 
another species 

Itschalki, Ilchegulova. 

in the Carboni- 
ferous limestone 

E. 

Kamsdorf. 

of Belgium. 

E. 

Settle, Yorkshire ; Castle Tsl., Ire- 
land, C.; Humbleton, P. (King). 


R. 

Arzamas, Kliutziski, Meteftamak 
on the Dioma. 


E. 

Humbleton. 


E. 

Gliicksbrunn 

This shell seems 

E. 

ibid., Altenburg. 

to be a Pleuro' 
tomaria. 

E. 

Newtown, Humbleton. 


E. 

Newtown. 


E. 

Saara, Zehma, Sommeritz near 

Small and coni- 


Altenburg. 

cal. 

E. 

Humbleton. 


E? 

Brushford, D.; Otterbum, Ffl/do/, 
C.; Humbleton? (KingMS.). P. 


E.? 

Lanurks C. ; Humbleton ? (King 
MS.), P. 


R. 

District of Bielebei, Itschalki. 


R. 

Itschalki, Arzamas, Kliutziski, 
Tchistopol, Nikefur. 


E. 

Newtown near Manchester. 


E. 

Newtown near Manchester. 


E. 

ibid. 


E. 

ibid. 


E. 

ibid. Silksworth, Co. of Durham. 
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£ GiNB&A 4ND SPICIBB. 


ClPBAIiOPODA. 

INautilxu 

Freieslebeni 


— ind. spec 

Ammonite? (fragment). 

ANNELIDA. 
ISerpula 

— ind. spec 


I — traces of Serpula . 

CRUSTACEA. 

iLimnlus 

— oculatus 


Cyrtherina ... 
— ind. spec.. 


PISCES. 
Placoides. 

Janassa 

— angulata 


; — dictea 


Dictea ... 
— - striata 


Wodnika 

I — striatula 

jByzenos 

lati-pinnatus . 

iRadamas 

I — macrocephalus. 

Strophodus 

arcuatns 


1 


- bituminosa 


Acrodus 

— Althausi 

Gyropristis 
obliquus 


Ganoioes. 

jPalsoniscus 

— Freieslebeni .... 


Authors and Rifbbencrs. 


PaljeozoicSybtbhs, 


linn. 

Gein.N. Jahrb. 1841, p. 637. pi. 11. f. 1; 

id. Gaea v. Sachsen, p. 95. 

Inob 


Sow. Geol. Tr. 2nd ser. iii. p. 118. . 


2^ — macropomus.. 
3 — magnus 


- comtus . 


iLinn. 

Greinitz, N. Jahrb. 1841, p. 638 ; id. Gseaj. 

V. Sachs, p. 95. 

Sow. Geol. Trans. 2nd Ser. vol.iii. p.llS.j 


Mull. 

[Kutorga, Beitr. z. Kenntn. des Kupfers. 

der Ural, 1838, p. 22. pi. 4. f. 1, 2, 3. 
jLam. 

nob 


Munst. 

Miinst. Beitr, heft 1. 1839, p. 46 & 1 14.pl. 

4. f. 1,^ ; id. hefts, pi. 3. f. 5 ; Kurtze, 
Comm. p. 20 ; Gaea v. Sachsen, p. 95. 

iMiinst. heft 1. p. 116; Schl. Nachtr.2nd| 
part, pi. 22. f. 9 ; Gaea v. Sachsen. 
IMiinst, heft 1. 1842, heft 5. p. 39. pi. 15.! 

f. 10-16. 

Miinst. 

iMunst. Beitr. heft 3. p. 124. pi. 3. f. l.[ 
f. 1 & 2. pi. 8, f. 3—10 ; id, 1842, heft 

5, p, 51 ; Acrodus larva, Agas. vol. 3. 

pi. 22. f. 23—25 

Miinst. 

Miinst. Beitr. heft; 6. p. 48. pl.l.f. 1 a — d. 
Miinst. 

Miinst. Beitr. heft 6. p. 50. pi. 1. f. 2 ... 
Miinst. 

Miinst. Beitr. heft 6, p. 52. pi. 14. f. 1. 


Sil. Der. Garb. Pem. 


Miinst. Beitr. heft 3. 1840, p. 123. pi. 3. 

f. 7. pi. 8, f. 1 1 . heft 6. p, 50. pi. 1. f. 3. 
Agass. 

Miinst. Beitr. heft 3. pi. 8. f. 5. pi. 3 et 
4. f.6. 

Ag. 

Ag. 3.p. 177 


Agass. 

|Ag.Poi88.Fo88.v.2. p.60. pi. 1 l&l 2 ;Germ. 
Ver8t. d. Man8f. p.l2. f,9-14 ; Kurtze, 
Commentatio,1839, p.l2; Knorr.1755, 
pi. 17-19; %noa. Ichthyolithus Eisic> 
benen8i8, Palaeothrissum aequilobum, 
Huot; Palaeot. blennioides, Hoil.; Aci. 
iwn8er bitumin 08 us. Germ. ; Palaeon.| 
Freieslebeni, Blainv.; Palaeot. macro- 
cephal., Blainv. ; Clupea Lametherii,| 
Blainv. 

lAg. Poiss. Fo 88. V. 2. p. 81. pi. 9, f. 6, 7. 

|Ag. V. 2. p. 78. pi. 13 and 14. Germ.j 
Verst. p.l8; Kurtze, Comm.p.13. 

jAg.v.^ p.97. pi. 10 h, f. 1-3 ; Paleot. mag-| 
num, P. macrocephalum Blainv. Geol. 
Tr. 2nd ser. iii. pi. 8. f. 1, 2. pi. 9. f. 2.1 


E. 


E. 

R. 

R.? 

E. 

E. 

R. 

R. 

E. 

E. 

E. 


Corbusen, Altenburg. 

Humbleton ; coast between Shieldsj 
and Sunderland. 


Government of Perm. 


Rapolnaia near the river Sylva 
Akhaeh near Bugulma ; Vias- 
niki. 


Gliicksbrunn, Eisleben, Riechels- 
dorf. 


LooalltlM. 


Gera, llmenau. 

' • 

Shidrova on the Dunna.. 


Perhaps a frag* 
ment of Cyrtho^ 
jeeras, 

Thisfragmentbe- 
longs to a Nau- 
\iilu8 (King.) 


Schmerbach, Riechelsdorf, 
iRiechelsdorf. ^ 

Riechelsdorf, Thalitter. 


Trilobitee fttfamt- 
nom (Schl.)var. 
of the J. angu^ 
lata (Geinitz). 


Riechelsdorf. 

Riechelsdorf. 

Riechelsdorf. 

Riechelsdorf. 

jibid. 

I • 

Near Belfast. 

Ardwick, C.*; Mansfeld, Hessia. 


llmenau. 

Mansfeld. • 

E. Thickley; Ferry Hill, Co. of| 
Durham. 


ObaertsUeni. i 


Is not the 2>tc- 
tea Humholdti 
(Miinst.) an ad- 
Iditional species? 


According to M.| 
Germar his P. 
megacephalus ? 
may be a variety| 
of this species 
with a large de< 
pressed head. 
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PalBoniscuB elegans . 


— glapbyrui 

— loDgissimus 

•— macropbthalnius • 

— Tchefkini* 


— lepidurus 

— Vratifllaviensia., 


— catopterus .. 

Tetragonolepis , 

— Murchisoni . 
Platysomus .... 

— gibboBUS .... 


— rhombus 


— macrurus . 


— parvus . 

— striatuB. 


OlNlRA AND SpICIBS. 


I— intermediuB 
AlthauBi ... 

— Fuldai 

Dorypterus ... 
I — Hoflmanni 


jAcrolepis 

— Dunkeri 


— exculptus . 


■ Sedgwicki.. 


— angUBtuB ... 
I — giganteuB ... 

intermedius 
Pygopterus ... 
1 — Humboldti 


— mandibulariB 


Globulodus 
— elegans... 


CoelacanthuB... 
— granulatuB 
I— Hassiae 


Ag. 2. p. 95. pi. 10 b, Paiaeot. id 

^edgw. Geol.Tr. 2nd8er. iii. pi. 9* f. 1 

Ag. 2. p.98. pi. 10 c.f. 1,2 

Ag. Poiss.PoBB. 2. p. 100. pi. 10 c. f. 4. 

Ag. 2. p.99. pi. 10 c.f. 3 

Fisch. Bull. Nat. de Moscou, 1842, pi. 4 


Author! and RBfERBNCEB. 


2. p. 64. pi. 10. f. 3, 7, 8, 9... 
[. V, ii. p. 60. pi. 10. f. 1, 2, 4, 5, 


Ag. PoisB. Foss, and Proc. Geol. Soc. 

vol. ii. p. 200. 

Fisch. 

Fisch. Bull, de Moscou, 1842, p. 463 
Ag. 

Ag. 2. p. 164. pi. 15; Germ. Verst, d. M.! 
p.25; Kurtze,Comm. p.22; Stromateus 
gibbosus, Blainv. ; Strom, angulat., 
Germ.; Rhombus diluvian., Wolfarth. 
|Ag. 2. p. 107 . pi. 16 ; Germ. 1. c. p. 26 ; 
Kurtze, p. 24 ; Knorr, p. 1 . pi. 20. f.l ; 
Sitomateus major, Blainv. ; Strom. 
KnorriGerm.; Rhombus diluv., Wol- 
farth. 

Ag. 2. p. 170. pi. 18. f. 1, 2 ; Geol.Tr. 

2nd ser. iii. pi. 12. f. 1, 2. 

Ag. 2. p. 170. pi. 18. f. 3 ; Geol. Tr. Ist 
ser. iv. pi. 2. 

2. p. 168. pi. 17. f. 1-4 ; Geol. Tr. 
2nd ser. iii. pi. 12. f. 3, 4 ; Uropteryx 
striatus (Walchner.). 

Miinst. Bcitr. heft 5. 1842, p. 43 

Munst. ibid. p. 44. pi. 5. f. 2 

Miinst. ib. p. 45. pi. 6. f. 1 

Miinst. 

Germ. Miinst. Beitr, 1842, heft 5. p. 34, 
pi. 14. f.4. 

Ag. 

Paleeon. Dunkeri, Germ. Verst, d. Mansf. 
p. 19 . f. 1-5 ; Kurtze, Comm. pi. 1 ; 
Miinst. Beitr. heft 5. p. 40 ; Acr. 
asper, Ag. Jahrb. 1841, p. 6 14; id. Gaea 
V. Sachsen, p. 94. 

Gein. Gaea v. Sachsen, p. 94 ; Pal. ex- 
culptus, Germ. loc. cit. p. 21. f. 6-8 ; 
Kurtze, ib. p. 19. pi. 2 ; Miinst. Beitr. 
heft 5. p. 42.opl. 6. f. 2. 

|Ag.2. p. 11. pi. 52 ; Geol.Tr. 2nd ser. iii.l 
pi. 3. f. 3. 

Miinst. Beitr. heft 5. p. 40 

Miinst. Beitr. heft 5. p. 41 

Miinst. Beitr. heft 5. p. 41 

|Ag. * 

[Ag. 2. p. 10. pi. 54, 55 ; Germ. Verst, d. 
M. p. 22 ; Kurtze, Comm. p. 25 ; Esox 
Eislebensis, Kriiger; Miinst. Beitr. 
heft 5. ; p. 48. pi. 5. f. 1. 

Ag. 2. p.lO. pl.53 and 53 a. ; Geol.Trans. 
2nd ser. iii. pi. 10, 11 ; Nemopteryx 
mandibularis and Sauropsis Scoticus 
^alchn.). 

Miinst. 

Miinst. Beitr. heft 5, 1842, p. 47. pi. 15 
4*. 7. 

Ag. 2.pl.62 

Miinst_BcitrJbeft^6^^£^ 


ITEMS. 

Looalitlet. 

Obienratloni* 

Penn. 

E. 

E. Thickley ; Midderidge, Co. of 
Durham. 


E. 

E. Thickley ; Ferry Hill. 


E. 

Ferry Hill. 

E. Thickley. 


E. 


R. 

District of iiielebei. Steppe of 
Kargala* 


R.E. 

Scharfeneck, county of Glatz; Ot- 
tendorf, Silesia. 


E. 

Neudorf, Ruppersdorf, Silesia. 


E. 

Rhone Hill, Ireland 

We consider the 
Red Sandstone of 
Rhone Hill to be 

R. 

Troitsk. 

the equivalent of 
the above-men- 

E. 

Mansfeld. 

tioned Silesian 
rock. 

E. 

Mansfeld. 


E. 

E. Thickley. 


E. 

Low Pallion, Durham. 


E. 

Whitley ; Durham (Sedgw.), East 
Thickley. 


E. 

Riechelsdorf. 


E. 

ibid. 


E. 

ibid. ' 


E. 

Mansfeld. 


E. 

Mansfeld, Eisleben, Riechelsdorf. 


E. 

Mansfeld, Schmerbach. 


, E. 

Ferry Hill, Riechelsdorf. 



Riechelsdorf. 


. E. 

Riechelsdorf. 


. E. 

Riechelsdorf. 


. E. 

Mansfeld, Riechelsdorf, Neuders- 

The genera Acro- 


hausen, Gliicksbrunn. 

lepis and Pygo- 
)terus are of the 
Sauroid family, 

. E. 

Ferry Hill. 

Ag. TheGlobu- 
loduB is of the 
Pycnodontes 
fam.,Ag.,andthe 
Coelacantjhus of 

. E. 

Riechelsdorf. 

the Ccelacanthes 

. E. 

Ferry Hill. 

Riechelsdorf. 

|fam. Ag. 

. E. 



* Three species, very probably belonging to this genus, were found in the Steppe Kargala near Orenburg t and are now in the collechon of 
the Corps des Mines at St Petersburgh. ' 
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Obkbra and Spbcxbb. 


Sadbianb. 

iProtoroBanroB 

|— Speneri 


[IliecodontoBauruB. . 

— antiquuB 

PaUeosaurus 

. — cvlindrodon 

I — piatyodon 

Rhopalodon 

Vangenhetmi .. 


Brithopus , 
jOrthopuB , 
Syodon .... 


Authobb and Rbpbbbnobb. 


Herm. v. Meyer. 

|id. in Munst. Beitr. heft 5. p. 1. pl.8. f. 1 ;| 
Monitor antiquus, Holl ; Mon. Foss, de 
Thur. Cuvier; Miscell. Berolinen8ia,| 
1710, p. 99!; Link Act. Erudit. Lipsi®, 
1718, pi. ll;Gein. Geea v. Sachs, p.93.| 
Riley and Stutchb. 

Riley, Geol.Tr. 2nd ser. v. p. 349. 

Riley and Stutchb. ^ 

Riley, Geol. Tr. 2nd ser. v. pi. 29. f. 4...| 

id. Geol. Tr. 2nd ser. v. pi, 29- f. 5 | 

Fisch. 

Fisch.Bull. Soc. d. Mo8Cou,l841, p. 460. 
pi. 7. 

Ipriscus I Kutorga,Beitr.zurKenntn. 
|pnra«vus ^ UraJ. 1838. ' 

biarmicum J 


Paubozoi cStstem 8. 



LoealitiM. 

Obaervatloiif, 

Sll. 

Der. 

Curb. 

Perm. 






E. 

• 

Mansfeld, Gliicksbrunn, Eisleben. 

• 

- 




E. 

Redland near Bristol. 

- 




E. 

E. 

ibid. 

ibid. 

1 




R. 

KlutchffaJcoi near the river Dioma 
(Bielebei ) . 





1 

1 



R. 

Government of Perm 

These 3 genera 
require further 
examination. 






RECAPITULATION OF THE FAUNA OF THE PERMIAN SYSTEM IN EUROPE. 


ClBueH. 

Genera. 

Total Nomber of Species 
in Europe. 

Species exclusirely peculiar 
to the Permian System in 
Europe. 

Species fo-md in older 
f<»rmations. 

Species found in Russia. | 

a. 

Peculiar 
to that 
country. 

b. 

Previously found elsei|l>ere. 

o'. 

In the Permian 
and older f(»> 
mations. 

"!if 

fl 

o'. 

In older forma- 
tions ezclu- 
rivelT. 

Polyparia 

7 

15 

13 

2 

3 

1 ? 

2 


Echinodermata 

2 

2 

1 

1 





Conchifera, Ord. Brachiopoda ... 

7 

30 

20 

10 

8 

3 

4 

5 

Ord. Dimyaria 

10 

26 

26 

... 

8 


3 


Ord. Monomyaria ... 

5 

16 

15 

1 

4 


3 


Mollusca, Ord. Gasteropoda 

11 

22 

19 

3 

3 




Ord. Cephalopoda .... 

1 

3 

3 


1 




Annelida 

I 

2 

2 






Crustacea 

2 

2 

2 


2 




Pisces 

16 

43 

42 

1 

2 




Reptilia 

4 

5 

5 


1 

• 



Total 

66 

166 

148 

18 

32 

3 or 4 

i 12 

5 


We much regret that this table has been drawn up without the benefit of the long-promised assistance of Professor Agassiz. His observa- 
tions on a few of the Permian ichthyolites of Russia which we submitted to him, may increase the number in that class of fossils. 



SECONDARY ROCKS. 


JURASSIC OR OOLITIC SYSTEM. 

CHAPTER XI. 

Jurassic System of Russia. — Range and uniformity of Composition of the lower Divu 
sioUy from tJ^ Northern Sea to the Lower Volga.-^ Basins of the Middle Volga^ 
the Oka^ and the Moskwa. — Iron Sands and Grits with Plants in Russia and 
Poland compared tvith their equivalents in England. — Large Bcosin of the Lower 
Volga^ Simbirsk, Saratof, Sfc. — Jurassic Rocks of Orenburg, and their peculiar 
mineral aspect. — Upper Division of the Group on the river Donetz in Southern 
Russia, and at Cracow in Poland. — The whole of the Jurassic Rocks of Russia 
on the parallel of the Oxford Clay, Calcareous Grit and Coral Rag of England, 
or “ Terrain Oxfordien ” of France. — Suppression of the Trias, Lias, and Lower 
Oolite in Russia. — Occurrence of the Oxford Formation in Asia and Africa . — 
Conclusion. 

Throughout the Palaeozoic series of which we have just taken leave, there 
exists, as has been shown, a vast succession of deposits, which, covering an enor- 
mous superficies, are linked on to each other by regular transitions and organic 
contents. Far different is the system which next presents itself upon the surface 
of Russia. Occurring at remote intervals only, the strata immediately overlying 
the red formation last described, contain a class of organic remains entirely distinct 
from any hitherttf named, and occupy isolated basins, patches, or stripes, the 
beds of which have no natural connection with the deposits beneath them. As 
the rocks of these countries are less disturbed than those of any portion of the 
globe which geologists have examined, and as the Palaeozoic series is complete. 
We were at first naturally induced to look also for a full succession of secondary 
deposits, similar to that with which we were acquainted in other countries. In 
vain, however*, we sought for fine escarpments, like those of our oolites in En. 

* 2 H 
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gland and the north of France, with valleys of clay and lias. In their place we 
found low masses only of slightly coherent shale, with sands and concretions ; 
which being superposed to the Palaeozoic rocks, and containing Ammonites and 
Belemnites, clearly belonged to some member of the great secondary division of 
deposits. 

In our first exploration of the Volga below Kostroma, where such Ammonite 
beds occur, we were indeed disposed to refer some of them to the Lias, because 
we were then led to think (as previously stated, p. 179), that the red deposits in 
that neighbourhood might represent the Keuper of Germany and France. More 
extended researches, however, induced us to adopt other views ; for whilst we 
could obtain no sort of proof that any of the red deposits in question belonged to 
the Trias, so we found distinct evidence, that the overlying strata of which we are 
now treating, though resembling the Lias in mineral character, were,*in fact, by their 
organic remains, the representatives of the Oxfordian or middle oolite. 

All these detaChed masses of Jurassic (Oxfordian) strata have a surprising uni- 
formity of character, whether found near Moscow, on the Oka, on the Lower Volga, 
or in the remote district of Ust Sisolsk, in the government of Vologda. To these 
districts, examined by ourselves in the years 1840 and 1841, we may add three still 
more distant and northern tracts, where strata of the same character, and containing 
the same fossils, have been discovered through the enterprize of Major Strajevski, 
an officer of the Imperial School of Mines, by M. Ruprecht, the botanist, and since 
we left the country, by Count Keyserling, our own associate. The first of these is on 
the east flank of the North Ural, in N. lat. 64°, and on the banks of the little rivers 
Tchol and Tolya ; the latter in N. lat. 68°, on the shores of the White Sea, east of 
Mezene (see Map). The third is in the depression by which the great river Petchora 
passes to the Icy Sea, and has been made known to us whilst we write by Count 
Keyserling, who in the past summer (1843) led an expedition into those wilds, in- 
habited only by Samoyedes, and which were previously an entire blank, even upon all 
Russian maps. We shall hereafter, as well as in our Introduction, point out the 
agreement of the general succession in this northern region with the strata in other 
parts of Russia. Of the Jurassic deposit which now concerns us. Count Keyserling 
thus speaks : — “ It is a widely spread and low formation in the north, which forms 
the * tundra ’ or mosses, and occurring in all the depressions of the more ancient 
rocks, occupies extensive, marshy, wooded tracts. It is, for the most part, com- 
posed of grey or black clay, with calcareo-arenaceous concretions, disposed along 
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the lines of bedding, and is ricb in Ammonites and Belemnites. Towards the 
base of the 'formation only, are found some continuous beds of an impure are- 
naceous limestone. Al far as 1 can determine the fossils, they seem to me all to 
belong to the middle Jura (Terrain Oxfordien). The Belemnites excentricus, and the 
forms which approach that species, such as B. Puzotianus, B. Beaumontianus, are 
the most frequent remains. On the river Cisola 1 also found the rib of a 
Saurian*.” 

To demonstrate, however, the truth of our statement, that the Palaeozoic depo- 
sits are at once succeeded by strata of the age of the Oxford formation, we now 
pass to the detailed description of these Jurassic masses, in the chief tracts where 
we examined them during the years 1840 and 1841. 

Jurassic Basin of the Middle Volga. — ^We will first describe the strata of this age 
which occur ihidway upon the course of the Volga, because being there, as we 
believe, incumbent on rocks of less antiquity than in the other part of Central 
Russia, in which we could detect a junction, an ascending seiles might be best 
looked for, which, if any such passage existed, would show the connection between 
the Palaeozoic and secondary formations. To the east of Kostroma the Volga 
winds, as already described (p. 178), through masses of red sandstone and marl, 
which we are unable to separate from the Permian system. In the greater part 
of this tract, the substrata are obscured by a thick cover of detritus, which 
is chiefly composed of the regenerated materials of the adjacent red rocks. But at 
about eight versts north-west of the village of Crasnoe Pojeni, deep red and finely 
laminated beds with geodes of harder marlstone, to which allusion has been 
already made, are seen to rise upon the right bank of the Volga to the height of 
thirty feet above the stream. Tliese beds are surmounted, and as it then appeared 
to us, in perfect conformity, by dark-coloured (greenish black) clay, in which 
occur small crystals of selenite and concretions of indigo .blue, argillaceous lime- 
stone. In the clay or shale, which is in absolute contact with the red rocks, we 
observed but few, organic remains, though a large Belemnite was abundant. In 
other beds, however, which occur at intervals along the banks of the river, we 
found the Ammonites cordatus (Sow.), Turbo muricatus (Sow.), with several species of 
Belemnites, including the B. absolutus (Fischer), which M. D’Orbigny has iden- 
tified with a species found in Oxford clay at the Vaches Noires in Normandy*. 

' Letter of Count Keyserling to Mr. Murchison, 6th November 1843. (See Map.) 

• The new ep^es of Belemnites will be described by M. D’Orbigny in the Third Part of this work. 

2 H 2 
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Seeing (in 1840) the conformable junction of these dark-coloured strata \rith the 
inferior red beds at Pies, and thinking, when on the spot, that one of the Gryphse 
was not the Q. dilatata, but rather the G. MacOuUochii of' the lias, we were then 
disposed to believe, that these strata might represent both the Keuper and Lias. 
We mention this fact to show how extremely difficult it is to decide from an iso- 
lated case and one or two fossils, upon what may be termed conformity of suc- 
cession, particularly in a country where the strata are apparently horizontal, and 
are to a great extent unsolidified. In all those tracts, indeed, where the oscilla- 
tions of the land have been of such a nature as to leave the strata in positions 
more or less horizontal, it is evident, that the observer cannot expect to detect 
much appearance of unconformity in the planes or surfaces of any strata which 
happen to be in collocation, even though they have been deposited at very dififerent 
epochs. When such junctions, however, occur, he may reasonably look for the 
effects of abrasion on the lower of the two sets of dissociated strata, whether 
by the action of former waters, or by other denudations to which the earlier beds 
were subjected before the succeeding strata were accumulated. We did not, in- 
deed, descend the Volga from Pies by Kineshma to Juriavetz, without observing 
decided proofs of such a condition of things. We found, in fact, that instead 
of occupying a regular overlying platform, the Ammonite and Belemnite shales, 
of whose exact age we were at first in doubt, occurred at different levels, some- 
times on the higher part of the cliff, at other places in depressions, and even de- 
scending beneath the waters of the stream, as represented in this woodcut, in 
which a marks the underlying red strata, b the Jurassic beds, and x the general 
cover of drift. 


S4. 



This woodcut relates to about thirty milei of country in hoiicontal extension. 

• 

We saw therefore, in the general contour of these shales and the various strata 
of red marl and sand on which they repose, exactly the same relations as those 
which occur, between the beds containing the same fossils near Moscow, and the 
carboniferous limestone upon which they there lie. In fact, the woodcut which 
has already been given, p. 80, explains a similar case ; though the underlying rocks 
at Moscow are of older age than those upon the Volga. The Ammonite and 
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Belemnite shale of the Volga having no stratigraphical connection with the inferior 
strata, it follows necessarily, that their age can be determined by their fossil contents 
only. Between Pies add Kineshma, the black shale is surmounted by thin courses 
of a ferruginous, concretionary marlstone, in the form of a rude oolite, passing here 
and there into a compact rock, and exposing on the whole a thickness of about 
fifty feet. At Kineshma, these marlstone beds disappearing, the black pyritous 
shale alone occupies the cliff in a thickness of about thirty or forty feet. Wherever 
we detected these beds of shale, whether upon the Volga or upon its tributary the 
Unja, the banks of which we examined in a journey from Ustiug-Veliki by Nikolsk 
to Kostroma, we found that they were characterized by the same organic remains. 

Near Makarief, on the Unja, the shales, more bituminous than upon the Volga, 
and equally reposing upon red marl and sand, are loaded with a vast profusion of 
flattened and iridescent Ammonites, chiefly the A. cordatus and A. virgatus, asso- 
ciated with Belemnites, all of them characteristic fossils of the Oxford oolite and 
clay. The same forms of Ammonites and the same Belemnites ih abundance were 
observed at various spots along the Volga, and with them we also found the Qryphaa 
dilatata. 

Juransic Basin of the Oka. — On the banks of the river Oka, at Oksevo, the first 
post station north of Jelatma, in the government of Vladimir, we met with a strong 
ledge of fossiliferous Jura rocks. The lowest beds visible consist of black pyritous 
shale containing the Gryphcea dilatata, with Belemnites. Intercalated with these 
strata are spheroidal concretions of calcareous sandstone, occasionally two to three 
feet long, which, when split up by the peasants as flagstones for their doorways, 
expose micaceous surfaces. The overlying masses consist of numerous concretions 
of yellowish, marly sandstone, and the whole are conformably surmounted by fer- 
ruginous sands with concretions of ironstone. In these upper strata we did not 
observe organic remains ; but by the analogy of similar beds near Jelatma and 
Moscow, of which we are about to speak, we believe they belong to the group 
in question. 

The best natural sections of these strata are laid bare in several deep ravines on 
the left bank of the Oka, four versts above Jelatma and near the village of Inkino. 
Here, as in the adjacent tracts, the superficial cover of detritus is very thick, but 
wherever this matter has been removed by falls of the cliff, as represented in the 
annexed woodcut, we met with the following beds in ascending order, and occupying 
a thickness of about 120 feet. 
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a. and sands, b. Black shale, with calcareous concretions and fossils, c. Thickly laminated sandy marl 

and greensand, d. Dark shale, e. Yellowish ferruginous sands, with concretions of calcareous grit or sandstone 
loaded with Ammonites, Belemnites, and other fossils. /. Dark-coloured marls, followed by others of yellowish 
tint and sandy and ferruginous structure, with courses of marlstone, &c. These regular beds are covered by argiU 
laceous drift (o), which for the most part obscures the section. 

The fossils found midway in this clilF are clearly those of the Kelloways rock 
of England or lower beds of the Oxford group, viz. Ammonites GuUelmi (Sow.), 
A. peregrinus (D’Orb.), allied to A.Lamberti (Sow.), A. Fournetianus (D’ Orb.), and 
ChrypheBa dilatata, which occur generally through the lower Oxford oolite of France 
and England. With these are found three species of Belemnites, a Mya resem- 
bling Mya depressa ?, Terebratula allied to T. socialis, with unpublished Corbulse, 
Pectens, Serpulae, which will be described in the sequel. 

The river banks which expose these beds of the middle oolitic group, are within 
three miles of the iron-works on the cliffs of the little river Unja on which we 
have described the carboniferous limestone (p. 84.) ; and from the beds being 
horizontal, it is almost certain that these rocks, though of such dissimilar age, 
must, if their relations were seen, be in contact as at Moscow, without the inter- 
vention of any other strata. In other words, we thus learn, that the edges of the 
great red (Permian) basin have here thinned out ; for the fundamental rock near 
Jelatma, as already shown, is the carboniferous limestone. 

Though we had not sufficient time at our disposal to follow the whole course of 
the river Oka, we have examined the fossils collected from various localities upon 
its banks by Colonel Olivieri of the Imperial School of Mines, which lie between 
Jelatma and Kolomna, and also from some places on the Moskwa, and we have no 
hesitation in saying, that they all indicate precisely the same group*. 

i 

' The same name is often repeated in Russia as elsewhere. This river Unja, on which the iron- works 
are placed, and where carboniferous limestone appears, is in the {government of Vladimir, and very distant 
from the stream of the same name before mentioned north-north-east of Kostroma. 

• Among these intermediate localities (and probably many others will be detected), we may cite Za- 
raisk on the Oceter, a tributary of the Oka, forty versts from Kolomna, and where the Jura beds lie on car- 
boniferous limestone ; Petrofskaya, seventy versts east-south-east of Moscow ; Ochrinka, near Bronnitza, 
fifty.fiveversts from Moscow (very beautiful fossils) ; Miatchkova, Bieseda, Kolomniskaya and Koroskaya. 
all in the vicinity of the ancient capital. The last-mentioned localities have long been known through 
the researches of Dr Fischer de Waldheim, and the fi^t of them we examined personally. 
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Jurassic strata around Moscow . — The sections of Jurassic beds in the immediate 
neighbourhood of Moscow exhibit similar relations to the next inferior strata with 
those which prevail ne^r Jelatma and other places on the Oka and at Zaraisk upon 
the Oceter, viz. they are at once incumbent upon one or other member of the car- 
boniferous limestone, a fact we have already alluded to in describing the deposit 
at Inkino. And here we cannot but rejoice, that our visits to Moscow seemed to 
impart new energies to our excellent friend the veteran naturalist Dr. Fischer de 
Waldheim, ex-President of the Society of Natural History of Moscow, who has 
subsequently described some new species, of which we shall speak in the analysis of 
the organic remains *. We must also in this place specially acknowledge that we 
owe our acquaintance with many of the details of the Jurassic strata near Moscow, 
as well as the best fossils we possess, to Mr. Frears, an intelligent English gentle- 
man resident at that city. 

At Miatchkova, where the great quarries in the white carboniferous limestone 
have laid bare their relations, black shales, differing slightly if at* all in lithological 
composition from those upon the Volga and the Oka, form the cover of the mag- 
nesian beds of the older limestone, as represented in this woodcut, which though 

36. 

Oxford! p 
group, j 


e. Detritua and drift, with northern block*. 

{ d. Siliceous grits and ferruginous sands with Pterophyllum Murrhisonianum (GOppcrt), and other plants. 

4), e. Lower shale {b) with Ammonites, Belemnites. Sands and shale (r) wit*. Jurassic fossils. 
a. Wlute and yellow magnesian carboniferous limestone with Spirtfrr MuftijuntmB. 

previously given, we now repeat, not only to convey a general idea of the manner 
in which the overlying beds succeed to the palaeozoic rocks*, but also to define the 
members of this Jurassic group. 

At a spot within the city of Moscow, and on the right bank of the Moskwa, 
these Jura beds wpre discovered by Mr. Frears to be incumbent on certain peculiar 
red and sandy beds with limestone, which we have shown to form an integral part 

• BulL de la Soci^t^ des Nat. de Moscou, tom. xv. p. 118, ct tom. xvi. Revue des Foasiles du Oou- 
veraement de Moscou. 

* In the great quanies of Miatchkova the incoherent black shale has frequently subsided or has been 
washed down, after the melting of the snow, into the hollows or excavations, and thus in many instances 
die shale beds seem, at first sight, to underlie the carboniferous limestone. In the description of the above 
woodcut at page 80, the word tertiary has been erroneously applied to the overlying siliceous grits. 
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of the carboniferouB series of Russia. In ascending the Moskwa, accompanied by 
that gentleman, to about six versts beyond the city and near to the village of Shela.< 
pika, we found its left bank to consist of finely laminated, slightly micaceous, inco- 
herent black shale, occasionally pyritous, and rising to heights of forty to fifty feet 
above the stream. These shales are seen at intervals for six or seven versts along 
the Moskwa. 

Among the prevailing fossils here we could not avoid remarking specimens of the 
same Ammonites virgatus found at Pies on the Volga, at Makarief on theUnja, and 
at Jelatma on the Oka, many of them preserving their shells with a beautiful iri- 
descence, and associated with the same Belemnites as in those localities. With 
these, however, were many other forms, such as Trigonia, Astarte, Modiola, Pec- 
ten, Amphidesma, &c., which we had not collected upon the Volga : some of them 
have been recently described by Dr. Fischer. After crossing a neck of land which 
is peninsulated by the river, the same beds are traceable in its banks under the 
village of KoroshTovo, where they are overlaid by hard siliceous grits (d of pre- 
vious section), to which we shall hereafter refer. Near the church or western part 
of this long village, the shales are diversified by large, irregularly formed concretions 
of sandy marlstone, containing very numerous organic bodies, many of which, a 
well as little nacreous Ammonites, preserve their shelly covering and are beauti- 
fully iridescent. In this group Dr. Fischer cites the Terebratula acuta, T, ornitho- 
cephala, and T. digona, with Avicula, Astarte and other shells, among which we 
were very much struck with two forms so closely resembling well-known fossils of 
the greensand formation, viz. Pecten orbicularis and Inoceramus sulcatus, that on the 
spot we believed them really to represent those species \ 

Unwilling as we were to admit lithological composition only, as an evidence 
of the age of a rock, we could not avoid being much influenced by such con- 
siderations, when we saw fossils so closely resembling lower cretaceous types, 
imbedded in sandstone, often of a ferruginous colour, in which green grains and 
the oxide of iron were disseminated, just as in the greensand of. Western Europe. 
Some of the overlying courses resemble, indeed, as nearly as possible, the ferru- 
ginous bands of the lower greensand, termed " clinkers ” in England, whilst be- 
neath them the strata are made up of whitish sand passing into harder grit. 

' On showing this Pecten to M. A. D’Orbigny, he convinced us that it is distinct from the P. orbicu- 
laris i Dr. Fischer has since published it under the name of P. nummularis. It will be described by 
M. D’Orbigny, together with the other fossils, in Part III. r 
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‘Whatever doubts, however, we at first entertained as to the of these 
overlying beds, were removed by examining another section on the right bank of 
the river, under the Sparrow Hills and directly opposite to Moscow, whither we 
were also conducted by Mr. Frears. Here the cliff (the highest point in the imme- 
diate vicinity of the capital) rises to the height of about 200 feet above the stream, 
and presents, with some subsidences, a highly inclined talus towards the rich allu- 
vial plain in face of it, on which stands the Devitchi monastery. This cliff occupies 
the segment of a circular sweep formed by the river, at the east end of which are 
the noble edifices of the Mamonoff palace and the Donskoi convent — on the west 
the church and village of Vorobleia. Within this space of about an English mile, 
large portions of the cliff have sunk down and form undercliffs, as shown in this 
diagram, and the edges of the beds are thus clearly exposed from beneath the over- 
lying drift of sand and northern boulders. The section of the uppermost beds is 
best seen in the lateral ravines, which here, as in so many other^parts of Russia, 
open out from the river banks into the adjacent country. The relations of the 
whole were rendered still more clear, at the period of our visit, by excavations and 
levellings on the summit of one of the chief subsidences, with the view of forming 
a terrace on which a large new church was to have been placed. This diagram 
explains the case. 



River Moskwa. 

The lowest beds, seen only in the dry summer months at the river edge, and in a small islet, are of the Black 
Ammonite and Belcmnitc shale (o). These are overlaid conformably by whitish sands with green strise (b). Then 
follow strong bands (c) from one to three feet thick, of highly ferriferous sandstone, iu parts running into concre- 
tions like those at Koroshovo, and with numerous white grains appearing in the base. These iron-shot sandstones 
are occasionally so loaded with Inocerami that we may call them ** Inoceramus Grit** and it will presently be shown, 
that they are most characteristic of strata of this age in very distant localities of Russia. Next follows dark- 
coloured marly shale alternating with sands {d), afterwards passing up into other ferruginous sands, white and green 
(e and/). 

The strong bands (c), often of concretionary forms, are most charged with fossils, some species of which also 
occur in the underlying black shale, such as Pecten, Avicula, and Cardium. We also detected some of these forms 
in the higher beds (d)« 
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After making this section we could not entertain a doubt, that the whole of the 
strata of shale, sand, marl and marlstone which we had seen nedr Koroshovo, 
belonged, like those of the Sparrow Hills, to one and the same Jurassic formation. 

A collection of the fossils from Koroshovo was sent by Mr. Frears, at our request, 
to Professor Phillips, who identified a few of the forms. Aware, however, that 
M. Alcide D’Orbigny was exclusively engaged iii a general examination of all the 
Jurassic remains of France, and believing that the continental Jurassic deposits 
would be found to present a greater number of analogies to the Russian fossils 
than the series of the same age in the British Isles ; and knowing further that the 
latter were still far from being thoroughly described*, we submitted all our Jurassic 
shells from Russia to that author, requesting him to place them in parallel with 
those of France. The divisions of the French series being, M. D’Orbigny has 
convinced himself, the exact counterparts of England, as described by the English 
authors. Smith, ^ Conybeare, and others, he has assured us, that the group of 
animal remains from the central and northern tracts of Russia, including all these 
strata at Moscow, belong to the lower part of the central division of the Oolitic 
system, which he terms the “ Terrain Oxfordien.” We shall offer & few remarks 
upon this comparison at the close of the chapter. 

It yet remains for us to describe the overlying siliceous grits (d) of the- general 
section of the country around Moscow which are represented in the woodcut at 
p. 235. With no other guide than their lithological character and overlying posi- 
tion, we were at first disposed to place these beds (though with much hesitation) 
on a parallel with the greensand. A subsequent exploration of Southern Russia, in 
which we became acquainted with siliceous sandstones (not exactly similar it is true) 
in deposits above the chalk, induced us to suppose that the Moscow grits might, 
after all, prove to be of tertiary age. Geologists who have not worked amid the 
obscurity of Russian stratification must not feel surprised at this oscillation in our 
minds. They will recollect that proofs have been already adduced of the apparent 
conformity of succession being in truth no criterion of contiguous beds forming 

' We happen to know, from Professor Phillips himself as well as from Sir Henry De la Beche, that a 
very considerable number of unpublished oolitic species have been discovered by the British Ordnance 
surveyors. From our knowledge, indeed, of the numerous additions made to this fauna in one district 
only by Mr. Buckman of Cheltenham, we are quite ready to admit, that additional monographs must be 
brought out before this important system is thoroughly illustrated in the British Isles. In the mean 
time we refer our readers to a promised new edition of Murchison’s ' Geology of Cheltenham,’ with addi- 
tions by Mr. Buckman and Mr. H. E. Strickland. < 
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partd of a connefcted series. In the absence of clear sections and junctions, and 
unprovided with any fossil evidences, we continued, therefore, to remain in doubt 
concerning these upper siliceous grits of Moscow, when we received a letter from 
Mr. Frears, who, in sending us drawings of fossil plants recently found in them, has 
happily enabled us to come to a distinct conclusion respecting these hitherto ambi- 
guous strata. Before we advert in greater detail to these plants, we must say a few 
words on the position and structure of the rock in which they have been discovered. 

As the Jura shales and sands which have been described, occur in depressions 
of the carboniferous limestone (woodcut, p. 235), and occasionally rise to certain 
heights upon the banks of the Moskwa ; so are they conformably surmounted by 
the siliceous sandstones and grits in question, which occupy the plateaux and 
summits of the country, where they are not covered with drift and detritus. For 
the most part tfiey are ferruginous sandstones, occasionally containing green grains 
and somewhat earthy, but in their lower parts they exhibit large subconcretionary 
masses of hard siliceous grit, usually of a white colour, which are extracted 
for building purposes and also for millstones, and form a regular article of export 
from Moscow to distant parts of Russia'. On the high grounds at Celo Nikilof- 
skaya, between Bronnitzi and Miatchkova, considerably to the south of Moscow, 
we examined quarries opened out from beneath yellow, white and reddish-brown 
drift, in which the upper beds of this rock consisted of greenish argillaceous sand, 
the central of ferruginous sandstone with ironstone concretions, and the lower of 
the compact white grit in question. 

The best sections, however, are seen in ascending the Moskwa for a few versts 
above the metropolis. We have already described the manner in which the fossili- 
ferous Jura shales and calcareous grits and sands are exposed at Koroshovo, on 
the left bank of that stream. They are there covered by the sands and grits which 
we are considering, but the bank being low and much eroded, the chief visible 
remnants of the overlying mass are hard blocks of siliceous grit, which, owing to 
their isolated and weathered aspect, appear at first sight to be boulders. But their 
true relations are observed by passing to the opposite and higher bank of the river. 
It is in this plateau, and near the hamlet of Tatarova, that the most extensive 
quarries have been laid open in the overlying sandstone, parts of which are iden- 
tical with the blocks at Koroshovo. The escarpment there presents to the river 
valley a section, in which 30 to 40 feet of sandstone have been cut into, surmounted 

* We mct*with the Moscow millstones at Njjny Novogorod, and even at Ustiug-veliki, 

• 2 1-2 
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by a mass about 12 to 1 5 feet thick of reddish-coloured detritus. The upper stone 
beds are rusty-yellow, slightly coherent, sandy grits, with occasional flattened geodes 
of black and brown oxide of iron. In these respects, indeed, they are not very dif- 
ferent from the upper ferruginous beds under the Sparrow Hills, a continuation 
of the same plateau. The whiter grit extracted for building and millstone occurs 
in subconcretionary masses or flattened ellipsoids from two to four feet thick, and 
forms the lower part. If prolonged across the Moskwa, these horizontal beds would 
be directly superposed on the Jurassic strata of Koroshovo, and we thus learn, that 
the detached blocks of grit in the loose overlying sands of that village, are simply 
the harder beds in situ which have resisted denudation. 

For a long time the only fossil we had obtained from these sandstones was a 
cast of a shell evidently marine, and apparently belonging to the genus Lucina. The 
plants above mentioned have therefore proved to be a most important addition. 

Two of the best-preserved specimens of these plants were discovered in the 
ferruginous sandstone of Tatarova. On sending the drawings of them to Dr. 
Goppert of Breslau, that eminent botanist has referred two of these specimens to the 
genus Pterophyllum of the family Cycadese, and his description of the best-pre- 
served species, which he has named Pterophyllum Murchisonianum, will be given in 
Part III. of this work. Otlier closely allied plants, belonging either to the same 
genus or to Calami tes, with traces of Coniferae, have been found by Mr. Auerbach* 
in a white siliceous grit near Klin, which, from the lie of the country and nature of 
the rock, Mr. Frears has no doubt is of the same age as that of Tatarova. These 
will also be described in the sequel. Again at Troitskoi on the Moskwa, three 
versts above Tatarova, Mr. Frears has found similar sands to be associated with 
a deposit of calcareous shale and marl, also highly ferruginous and full of equiseta- 
ceous plants. As no drawings of these last-mentioned remains have yet been sent 
to us, we are unable to reason upon them, except by general analogy ; whilst it 
is very interesting to find, that they are there associated with fishes’ teeth and 
a quantity of scales of fishes, which, when adequately examined, will no doubt 
enable geologists to place these beds still more precisely in their geological position". 


' One of these plants has been named by M, Auerbach Scolopendrites pectinatus. 

* In respect to Jurassic fishes, it is important to state, that a fish-palate found on the banks of the Volga 
having been sent to Dr. Mantell, he is about to publish it in his new work, ' The Medals of Creation,' 
under the name of Gyroinu Murchisoni ; expressing also his opinion, and that of Agassiz, that it is an 
oolitic form. ^ 
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It would further appear that Professor Rouiller, of the Imperial Academy of Moscow, 
has examined the substance of this rock very carefully under the microscope, and 
has discovered in it fhi extraordinary quantity of siliceous sheaths of Infusoria, 
among which, besides some unknown genera, he has recognised Bacillaria, Fragii- 
laria, Cosconema, Galionella, &c. 

Regretting that we have not had it in our power to inspect the remains of the 
fishes, infusoria and plants, from the last-mentioned locality, we still think that we 
can form a tolerably correct decision as to the age of these beds, from the drawings 
of the plants of Tatarova and Klin only, when coupled with our personal acquaint- 
ance with the succession and relations of the strata. It is, indeed, quite evident 
that these plants, for the most part Cycadese and Ferns, with fragments of stems, 
which, if not those of Calamites, probably belong to Zamiaj, are from their facies 
of at least as high antiquity as the upper and middle oolite, and having referred 
them to Dr. Mantell and Dr. Lindley, those competent authorities are of opinion 
that they more naturally pertain as a group to the Flora of tKe Jurassic than to 
that of any other system. No such plants have ever been found in Cretaceous 
rocks, and it is needless to add that they are wholly unlike any forms of vegetation 
of the Tertiary age. 

The geological relations of the strata in which the plants are contained, are com- 
pletely in accordance with this view ; for we have shown that they constitute the 
conformable roof of beds with many Oxfordian shells, and that in one locality (the 
Sparrow Hills), the latter are seen to pass upwards into white and ferruginous 
sands scarcely to be distinguished from those of Tatarova. 

We shall afterwards point out other sections on the Volga where a similar 
ascending order is observed, and where, as at Moscow, it is impracticable to sepa- 
rate the overlying irop sands from the inferior Ammonitic shales ; and towards 
the close of the chapter we shall indicate how in the south of Russia, sands, with 
plants and lignite, which we believe to be similar, are overlaid by limestones of the 
age of the Coral Rag. 

A recent excursion to Poland, to which allusion has been made when treating of 
the Permian rocks, also enables us to throw collateral light on this question. 
By reference to the geological map of Poland by M. Pusch, it will be seen that he 
considers a large tract of sandstones between Warsaw and Kielce to be either of 
the sera of the lower Lias (Gm du Idas), or of the Keuper. Having previously con- 
vinced ourselves that there were no representatives of the Lias or Keuper in the 
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adjacent pilains of Russia, we were naturally anxious to satisfy ourselves if the 
sO'Called lias sandstone of Poland was really of that age. Accompafiied by Pro« 
fessor Zeuschuer and our kind friend Mr. D. Evans, the proprietor of its mines, we 
examined this tract. To the south and west of Jevitze, sandstones of yellowish and 
white colours are overlaid by a subcrystalline limestone, in parts having a coarse 
oolitic structure, and which, from certain imbedded species of Echini and fragments 
of shells, we had little hesitation in referring to the Coral Rag. The inferior rocks 
which rise to the south, and there form undulating wastes, at once struck us 
forcibly by their lithological resemblance to the sandstones of the eastern moorlands 
of Yorkshire, like which they are in parts highly ferruginous (concretionary iron ores 
being worked in them), and also contain some thin seams of poor coal, used in smelt- 
ing the iron. In fact, just as in our English example, these members of the oolitic 
series, consisting of sand, grit, shale, and some carbonaceous matter, have much 
the mineral aspect of a true coal-field. Possessing an intimate acquaintance with 
similar deposits in*Yorkshire and at Brora, we had little hesitation in placing these 
Polish sandstones on their true parallel ; and we were further strengthened in our 
conclusion by finding some plants, which, if not identifiable with known species of 
the coast between Scarborough and Whitby, appear to belong to the same group. 

But to connect the Polish with the Russian case. The plants found at Rosvadi in 
Poland occur in sandstone similar to that of Tatarova, and evidently belong to the 
same series ; and we have now no longer any doubt, that they are all of younger 
date than the Lias, and are on the general parallel of the middle oolite. To attempt 
to establish a closer comparison would be unsafe with our present amount of know- 
ledge ; and it is enough for our purpose to say, that without pretending precisely to 
identify each continental subformation with a corresponding stratum of the British 
Isles or of France, we believe, that the arenaceous strata qp copiously developed 
around Jevitze and Rosvadi in Poland represent, as a whole, the series of sandstone 
and shale beneath the Coral Rag, and extending downwards through the middle 
oolite ; whilst from its well-defined horizon, as immediately covering a formation 
charged with Oxford fossils, we consider the arenaceous grits of Tatarova and the 
adjacent plateaux of Russia to be of the age of the sands beneath the Coral Rag. 

We have previously shown that at Oksevo and Inkino upon the Oka, beds con- 
taining Oxfordian fossils pass upwards into iron sands, and we have now no doubt 
that the latter, as well as similar beds at Unja near Jelatma (p. 84), in which iron 
ores are worked, belong to the same division of deposits as the sandstones of Mos- 
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COW. Lastly, in reference to many other parts of the governments of Moscow, 
Vladimir, and the adjacent tracts* (in which, it is to be remarked, no trace of any 
cretaceous or tertiary fossil has yet been found), we venture to suggest, that nearly 
all the ferruginous sands with ironstone concretions will also be found to belong to 
the same member of the Jurassic series, — the youngest fonnation which has yet 
been proved to exist beneath the drift and recent accumulations of this central 
region. This conclusion is, we think, sustained by fair analogy, and by the fact, 
that all the Russian deposits preserve an uniform lithological character over very 
wide areas. 

Great Jurassic Basin of the Lower Volga, and of the Governments of Simbirsk, 
Tambof, and Saratof. — The Jurassic rocks of Russia, as already explained, occupy 
detached basins only, and are therefore of less continuous extension than the 
systems of Palaeozoic age. When viewed upon the map, these masses appear of 
much less horizontal extension than even the cretaceous deposits which overlie 
them. This view, founded as it is upon the knowledge we at present possess, must 
not, however, be exaggerated. It is very true that in the tracts of the Middle 
Volga, the Oka, and theMoskwa already described, as well as in the isolated patch 
discovered by one of us near Sisolsk, to the north-east of Ustiug-veliki*, these 
deposits are narrow stripes of very limited extent. They resemble, in fact, detached 
relics of a sea, the deposits of which were probably separated by undulatory move- 
ments of the more ancient rocks. When, however, we follow the southern limit of 
the Permian strata from the banks of the Alatyr, south of Arzamas, to Simbirsk 
upon the Lower Volga**, or when we interrogate the deep denudations on the 
banks of that stream, to ascertain the nature of the base of the plateaux to the 
south of the governments of Simbirsk, Sarktof and Penza, it is seen that every- 
where, from their nprthern boundary to Sarktof, Jurassic rocks have extended 
and are visible beneath the cretaceous and tertiary deposits. To the south of Sa- 
rktof the great thickness of these overlying strata does not permit us to reach the 
Jurassic beds in<any natural section, and their future prolongation in that direction 


' We met with similar slightly coherent, ferruginous sandstones, in ravines on the right bank of the 
Oka at Piskavadi, between Mtzensk and Bielef, where they rest on the corroded surface of Devonian rocks. 
We may also state, that a proprietor of iron mines in the government of Vladimir informed Mr. Frears, that 
he had discovered Ammonites in the beds from which his iron ores are extracted. 

* By Count Keyserling. (See Map.) 

* We designate as Lower Volga all the course of that river below Kazan. 
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becomes of course problematical. In tracing their western limit, we discover it in 
the bed of the river Alatyr and its affluents, and we have already shown that these 
strata reappear on the Oka near Jelatma. In that parallel the Jurassic strata have 
certainly not spread out so far to the south as the meridian of Sarhtof, for they are 
entirely absent in the government of Voroneje, where we saw cretaceous strata 
reposing at once upon Devonian rocks. Lastly, the northern limit of the great 
Jurassic band we are now considering, is defined by a line which, passing from 
about twenty versts below the source of the Piana, terminates upon the Volga 
about fifty to sixty versts north of Simbirsk, and a little below Tetiushi. We infer 
that Jurassic beds are to be found on the road from Arzamas to Simbirsk, because 
we observed Belemnites in the bed of the Piana. Near Barnhkova, indeed, these 
beds are seen in situ in the banks of the rivulets around the village of Kamarinof, 
about twenty-five versts east of Ard^tof, and they continue to fange without 
interruption to the river Sura, where they disappear beneath the chalk, and only 
emerge from benedth that formation in the deep valley of the Volga at Simbirsk. 
If, as we presume, there is no objection to the idea, that the argillaceous beds with 
Ammonites, mentioned by Pallas in so many places on the Alatyr, near Vassili- 
Maidan, &c., and which we refer to the Jurassic age, are prolonged beneath a 
vast detrital cover, and are united with the strata described by us upon the Oka, 
it will readily be admitted, that this basin having the form of a triangle, the 
acute point of which extends to near Jelatma, and the two sides of which range 
to the Volga, is the largest continuous mass of this age in the centre of the Rus- 
sian empire. (See Map.) 

After thus seeking to trace the limits of this great Jurassic mass, we may now 
speak of its composition and fossil contents. It is a fact, to which we must again 
advert, that the Jurassic formation of the north and centrp of Russia is every- 
where composed of dark-coloured pyritous shale or clay, and of sands, sandstone 
and marlstone, and very seldom contains solid and calcareous beds. Thus, for 
example, in all the basin of which we are treating, we know of no calcareous 
matter except in the concretions or discontinuous courses of impure argillaceous 
limestone, of greyish and blue colour, which we can best compare with the cement 
stones of the Lias. In his journey from Arzamas to Penza, Pallas pointed out 
these concretions near Vassili-Maldan, in an affluent of the Alatyr, and at other 
places. They are, in fact, well known to modern geologists as occurring in many 
argillaceous deposits of very different age. The country between the Piana and 
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the Sura contains a considerable number of them, and they are prolonged to 
the Volga. At Goroditche, below Simbirsk, they appear to lie in the upper part 
of the formation, i. e. above “ Inoceramus sandstone,” like that which has been 
described at Moscow. On the other hand, they are found in the great cliffs of 
Sarhtof, rather low in the series ; and there they have no longer the form of ellip- 
soids, but more frequently of truncated cones applied base to base. 

One of the most interesting beds of this Jurassic system, at Simbirsk and Go- 
roditche, is the Inoceramus sandstone. This band has already been noticed at 
Moscow, and we now allude to it, to show the remarkable persistence of the same 
strata over wide areas, and also to demonstrate, that all these Jura deposits of Russia, 
however distant from each other, belong to one stage in the series. At Simbirsk this 
sandstone is almost on the level of the Volga, whilst at Goroditche, twenty-five versts 
to the north of rtiis town, it is nearly at the summit of cliffs 150 or IfiO feet above 
the stream. This difference of level, in a band of such persistence and which 
marks so distinct a horizon, indicates in the deposits of that tract a regular inclination 
to the south, although it is as imperceptible to the eye as the dip of the Silurian 
and Devonian rocks upon the Volkof (p. 30). But slight as it is, this inclination is 
still adequate to cause the whole of the Jurassic rocks to disappear at some versts 
below Simbirsk, where they are replaced by the chalk, which descends to the water’s 
edge and occupies the river cliffs. The rise of the carboniferous limestone in the pe- 
ninsula of the Volga near Samara (p. 86), again brings to day the Jura beds in the 
neighbourhood of Sysran, and with exceptions they thenceforward form the bottom 
of the valley of the Volga as far south as a promontory below Sarhtof. Another 
band worthy of notice, because it occurs in several localities and serves to mark a 
fixed place in the deposit, contains beds of combustible matter or lignite. These 
are the bituminous schifts of Goroditche *, and of Kaschpoor near Sysran, which 
contain Ammonites and Belemnites described by M. Eichwald, and which Colonel 
Helmersen has shown to re-occur at Khvalinsk *. 

Sections on the Lower Volga . — We will now give in detail the section of the right 

* The Jurassic shale we have described contains in parts of its range, as we have shown, some courses 
of bituminous schist and impure lignite, notably at Goroditche and at Khvalinsk on the Volga. One of 
the chambered shells from the last-mentioned locality having been described by Professor Eichwald as a 
goniatite, these strata were considered to belong to the carboniferous system until we visited the locality. 
As the character of the shale had led some persons to think that lignites fit for use might be extracted in 
this region, we beg to state, that we dissent entirely from this surmise, and believe that in an economical 
sense the bituminojis shale of the Volga is worthless. 

® See a Geological Map of Russia by Colonel Helmersen, published before we visited these parts, 
anno 1841. 
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bank of the Volga at Gkiroditche west«north-west of Simbirsk, because it shows the 
relative positions of several of the beds to which allusion has just been made. 

SECTION AT GORODITCHE ON THE VOLGA. 88. 

FMt. 


Cover of “ Tchomoiem * * or Black Earth 

g, Beds of day and sand with concretions of argillaceous blue limestone. 
(The above beds arc seen in the adjacent slopes.) 



60 


f, Inoceramus gprit or sandstone- top of the cliflF 
e. Yellow sand with Belemnites 



d. Alternations of black shale with grey marl - 

c. Finely laminated bituminous schists with fragments of Jet, and containing Ammonites^ 5 ^^ 
tanderi and Orbiculu metMtia ^Eichw.) 

b. Strata obscured by fall of the cliff 


1 Dark grey shale or clay and marl, occasi<»nally hard, witli numerous ^ 
r ferruginous and pyritous concretions or cement stones / 


Summer level of the \'olg» . 



To the north-east of Sysran, or in the hills above the Ussa and Volga rivers, the 
lower Jurassic shale is seen in mouldering cliffs and sloping hills loaded with cha- 
racteristic Ammonites and Belemnites, and reposing, as at Moscow, upon the car- 
boniferous limestone '. To the south of Sysran the same black shale, with greenish 
and ferruginous sandstone and concretions, extends into the promontory of Kasli- 
poor and occupies the base of nearly all the sections down to Sarktof. At Feodorof- 
skaya and Khvalinsk these beds are capped by cretaceous rocks and white chalk. 

After several denudations and obscurations, the Jurassic rocks appear in great 
force in the cliffs of the Volga at Sar^tof, and to the north of that city exhibit a 
greater development of the formation than we have seen at any one place in Russia, 
the vertical thickness not being less than 300 to 400 feet. . The ascending section 
from the Volga under the hill of the suburb called Sakalosfkie, offers — 

1. Towards the river edge, a vast succession of rolling subsidences of clay, sand and grit, the detritus of the 
cliff above, which rise in a rude talus, the concretions of cement stone with septarian divisions exposing here and 
there very beautiful Ammonites and other fos.sils, often highly iridescent. The Ammonites cordatus of the Oxford 
clay is one of the species we were enabled to identify upon the spot. 2. Dark pyritous shale with many concre- 
tions of ferriferous and argillaceous lime.stone of light indigo colour, some as large as bee-hives, easily exfoliating 
and breaking to pieces under atmospheric influence (iridescent Ammonites abundant). 3. Sands of yellowish 
colours and of considerable thickness. 4. Shale. 5. Yellow sandstone with bands of cherty character. 6. Dark 
shale, with concretions passing into whitish stone bands. 7 Yellow, ferruginous sand and ironstone bands. 
8. Dark shale. 9* Yellow and whitish sands. 


* The vertebra of a Saurian has also been found here, and was described by Professlbr Eichwald. Ober 
Icthyos. und CeraJ. Russl. 1841. The Orbicula tmesUs above mentioned, is described by the same author. 
Urwelt Russland, 1840. Heft 1. pi. 4. 
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Though vre had no time to seek for many fossils, our readers cannot fail to per- 
ceive in this section a close analogy to the succession at Moscow and other places, 
and will readily admit ^ith us, that as at the ancient metropolis and at Inkino on 
the Oka so at SarJitof, ferruginous and white sands form the upper part of the de- 
posit. We shall presently see how these sands connect the strata we have been 
considering with the next overlying formation in the south of Russia. 

Eastern tract of Jurassic Rocks, — It is a remarkable proof of the value of palae- 
ontological evidence, in identifying strata before they have been examined by field 
geologists, that certain fossils sent to M. Von Buch from the government of Oren- 
burg, enabled him anterior to our visit, to assert that the same band of Jurassic 
rocks which occurs at intervals in the plains of Russia and near Berlin, appeared 
also in the steppes which lead from Europe into Asia. Whilst our own observations 
completely confirm this view, we must state, that however uniform is the com- 
position of the rocks of this age in the central and northern regions of Russia, yet 
as they approach to the Ural chain and the Asiatic steppes, they put on lithological 
characters dissimilar from their ordinary matrix. The higher grounds which rise 
above the cupriferous strata of Kargala and the Saragula Hills, are covered by 
very siliceous beds, in which the same Jurassic fossils as at Moscow, such as 
Ammonites cordatus and Gryphaa dilatata, occur in nearly pure silex. On the 
river Vitlanka, not far from the salt mines of Illetzkaya-Zastchita, the same forma- 
tion is well seen in open quarries of about fifteen feet in depth, where the stone is 
of light yellow colour, sonorous under the hammer, and is composed of minute, 
white siliceous grains cemented in a calcareous paste, which still more prevails in 
other beds which become calcareous grits. Here are again found fossils which are 
common in the Jurassic shales of Moscow, such as a Lima closely allied to L. 
proboscidea, Ammonites cordatus. &c. &c. In two ridges, called Tatchilnoi Gora and 
Jornavoi Kamen, the same rock becomes a complete siliceous grit, and is even 
quarried for millstones and grindstones. Near the fort of Isabelnoi upon the Ilek, 
similar beds occur and have furnished osseous remains, which we did not see, 
but probably belonging to a large Saurian ; and they are also seen at the sources ot 
the river Kamenko on the slope of the Obstchey Syrt, forty versts north of the fort 
of Baratinski. 

We may here remark, that the surface of these Jurassic districts is often covered 
with rolled pebbles of white quartz and Lydian stone, both on the river Vitlanka and 
on the adjacept hills, and among this detritus are large blocks of quartz. Near the 
small river Tchorni Retchki, to the nortk of Novo Illetzkaya, we discovered beds of 

2 ’k2 
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conglomerate in situ, made up of similar materials resting on red Permian sandstone. 
It is probable, therefore, that all the rolled stones having the same characters which 
are spread over parts of the tract of the high steppe of Illetzkaya-Zastchita, have 
been derived from a disintegration of the Permian conglomerates which were re- 
arranged by the sea in which these Jurassic rocks were accumulated. Let this 
theoretical point be as it may, the lithological composition of the Jurassic rocks 
in the southern part of the government of Orenburg is highly interesting, in show- 
ing how similar mechanical submarine operations have been repeated in distant 
countries during former epochs, whenever the strata approach to hilly and disturbed 
tracts like the Ural, the surface of which has been much disturbed. In these strata, 
different as they are in their stony features from their equivalents in fossil contents 
through other parts of Russia, we see both siliceous and calcareous grits assimilating 
in aspect to certain beds of the Oxford oolite at Brora in the Highlands of Scotland'. 
Again, the conglomerate which appeared strange to those of our party who had 
only observed thfe Jura beds of northern and central Russia, has also its analogy to 
certain conglomerates and grits, which in Britain mark the base of the oolitic series, 
in tracts where the vibrations of the surface have been intense, and where coarsely 
aggregated and detrital beds stand in the place of the finely laminated lias shale of 
other portions of the island ®. 

Upper Jurassic Group in Southern Russia . — We have shown that a great axis of 
Devonian rocks divides central Russia into two zones of very different lithological 
composition (p. 53). To the south of this axis there are no traces of Jurassic strata 
resembling the great mass of those we have described, nor indeed can any con- 
siderable development of strata of this age be observed in journeying southwards, 
until they are found to constitute, and under a very different mineral aspect, the 
rocky crest of the Crimsea. Visited by one of us for a short time only, we ne- 
cessarily leave the description of that remarkable peninsula to the able authors, 
M. Dubois, M. Huot, and M. Hommaire, who have so thoroughly explored it, the 
first of whom has permitted us to consign to our own map its chief geological 
features, as well as those of the Caucasus, from illustrations prepared by himself. 

* See GeoL Trans. N. S. vol. ii. p. 296, siliceous grit of Braambury Hill. 

• On the northern shores of the estuary of the Severn, Conybeare and Buckland were tlie first who made 
us acquainted with lias conglomerates, and Mr. Murchison detected similar rocks in the north-western 
Highlands of Scotland, alternating with true lias limestones. In the latter situation there are also white 
grits, which might very well be employed as millstones, like the Jurassic grits of Orenburg. (See Geol. 
Trans., 2nd Series, vol. i. p. 303, and vol. ii. p. 361.) 
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In fact, the Jurassic rocks of the Crimaea, lying to the south of the granitic and 
porphyritic eteppe, to which we have alluded, and much perforated by eruptive 
rocks, belong distinctly to another mineral region. They assume the Caucasian 
aspect of the strata of that epoch, and from their imbedded masses of hard and cry- 
stalline limestone, they might at first view seem to be referable to the same Jurassic 
limestone which is spread over Southern Germany, including the Alps and Car- 
pathians, and which bounds the shores of the Mediterranean Sea, — a series which 
unquestionably includes in descending order all the strata, to the inferior oolite and 
lias inclusive'. 

On this point, although we do not yet pretend to have the means of forming a 
correct decision, we are bound to state, that, judging from the fossils which 
have been as yet submitted to him, M.D’Orbigny is of opinion, that even there, the 
lias does not form a part of the group as in the Alps and Carpathians ; but on the 
contrary, that, differing as it may in lithological character, the Jura of the Crimxa 
and the Caucasus represents, like that of Russia, the " Terrain Oxfordien.” He 
has convinced himself, that the Ammonites of the Crimaea, when not identical, 
approach closely to forms which are common near Dignes in the Lower Alps 
and at the Mont du Chat ; whilst the northern species are evidently those of a 
separate basin, characterized by the distinct species to which we have before 
alluded. 

But to consider the tracts with which we are personally acquainted : the only 
deposit of the Jurassic or oolitic age hitherto observed between the Devonian axis 
of Voroneje and Orel and the Sea of Azof and the Flack Sea, was first discovered 
by Major Blode on the banks of the Donetz near Izium. Accompanied by 
that persevering geologist, we were enabled to satisfy ourselves of the accuracy of 
his observations ; and although we slightly extend the limits of the group, we 
admit with him, that it occupies a tract of very limited dimensions. It is, in 
truth, a minute patch upon the great surface of Russia ; for to the south it is en- 
tirely cut out near Bachmuth and Lugan, where the chalk reposes on Permian 
and carboniferous strata, without the intervention of a single bed to represent any 
member of the Jurassic series. Still the deposit is geologically important, both 
from its peculiar character and as marking a higher stage in the series than any 
other beds of this epoch in Russia. 

' To mark the exceeding difference between the synchronous rocks of the north and south of Europe, 
M. Von Buch h^ graphically distinguished the latter by the term “ Mediterranean Type. 
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The right hank of the Donetz at Izium presents steep escarpments which expose 
interesting sections of these Jura rocks, both at that town and at several localities 
above and below it. The uniform composition of these strata leaves no doubt, that 
they belong to one and the same division of the series ; and they pass under cre- 
taceous rocks, of which we shall treat in the next chapter. We shall not employ 
many words in describing these different localities, though we must enter sufficiently 
into detail to render apparent the characters which unite them, and the marked 
differences which separate them from the basins already described. 

Sviatagora . — In advancing to the north, after our examination of the great car- 
boniferous tracts of the Donetz (p. 89 et seq.), the point at which we first observed 
any strata of Jurassic age was at Sviatagora, about eight versts below Izium. Near 
the celebrated convent of that place these beds rise up very gradually from beneath 
picturesque masses of white chalk which have weathered into “meedles,” and 
resemble the light and airy spires of a Gothic church '. The strata which imme- 
diately lie beneath* the white chalk, are sandstone and sand, intermixed with some 
courses of clay, analogous to, but not identical with, certain great masses of grit 
which a little higher up the Donetz are invariably inferior to the white chalk, and 
seem, as we shall hereafter show, to form a part of the cretaceous system. These 
sandstones are of greenish-grey colour, and disintegrate readily. The alternating 
clays are reddish and compact, passing to shale, in some parts plastic and highly 
argillaceous, in others sandy. The white Jurassic limestone which is surmountea 
by the sands and sandstone, is in parts oolitic, and towards its base pisolitic ; but 
the chief mass is not so distinguished, and simply resembles many of the earthy 
white limestones of La Rochelle in France and of Portland in England. 

In the middle part of this section we found a fragment of a Terebratula re- 
sembling T. spinosa and some indistinct corals. The thickness of the white lime- 
stone at this spot is about forty feet, and the beds dip at an angle of twelve to 
fifteen degrees to the south, whilst the overlying chalk is rather less inclined but 
in the same direction. 

Kamenka . — ^The second locality in ascending the banks of the Donetz, at which 
the Jurassic formation crops out, is about three versts below the little village of 
Kamenka. The beds are here less inclined than at Sviatagora, not exceeding three 
or four degrees in their dip to the south. The brook Kamenka, which flows 


■ In early time* the cells in the chalk beneath these natural spires were used as convents by the monks. 
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into theDonetz, three versts from the village of the same name, lays bare on its 
banks a very instructive succession. In the upper part are courses of sub-con- 
cretionary or brecciated white limestone with Terebratulae, resting upon an agglo- 
merate of shells, and a band of very fine oolite : in the lower are yellowish cal- 
careous sands, or rather disintegrating sandy limestones, with ferruginous oolite 
and yellow sand. The whole of these beds may have a thickness of about forty feet. 
The fine-grained oolite and the shelly agglomerate are the beds most worthy of 
attention, and they are also by far the most constant ; for we traced them north- 
wards by Izium to Donetzkaya near the military colony of Petrofskaya. The shelly 
beds contain in great abundance the Trigonia clavellata, a small Ostrea, Nerinaea, 
Astarte, Terebratula, and a Turbinolia. To these beds at Kamenka, and a little 
higher up the Donetz, lower beds of friable and soft limestone succeed, reposing 
upon ferruginous sandstone with plants and some lignite, which have been observed 
in one point only, and described by Major Blbde. We did not see the plants in 
question, which ought to be compared with the recently discovered flora of the 
ferruginous sandstone of Moscow. Judging from their position beneath these 
white fossiliferous or Upper Jura limestones, there can however, we conceive, 
exist but little doubt, that the lowest beds on the Donetz are the equivalents of 
the highest beds at Moscow, or sands above the Oxford clay. They are, therefore, 
of high interest in bringing the Jurassic series of North and South Russia into 
geological connection. 

The presence of the Nerinaea and of a coral unkYiown in the other Jurassic 
formations of Russia, the absence of Beleranites and the great scarcity of Am- 
monites (we shall presently, however, allude to a striking species), are points 
which seem to indicate a very notable change in the distribution of the fossils of 
the Jurassic epoch, so regular and uniform in all the central and northern parts of 
Russia. 

Izium. — The most instructive of the sections on the Donetz in ascending order 
is certainly that of Izium ; for, besides affording a very complete development of 
the uppermost Jurassic division, it also clearly shows that a considerable thickness 
of sand and sandstone (greensand) is there interposed between the Upper Jura and 
the white chalk. In this section the inferior beds are not visible beneath the river 
alluvia, and the ascending order commences with the fine-grained oolite, the shelly 
agglomerate with Trigonia clavellata, and a compact hard limestone. The succession 
is explained ^n the accompanying diagram. The uppermost Jurassic strata are 
divisible, it will be observed, into five beds, each peculiarly characterized, and the 



252 


CORAL RAG AND CALC GRIT IN POLAND AND RUSSIA. 


group is then overlaid by green sandstone, sands, &c., which in their turn are sur- 
mounted by chalk. To the consideration of the last-mentioned deposits we shall 


return in the next chapter. 
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SECTION AT IZIUM. 

m. White chalk 

I. Hud quartsose grit, with mUccoub cement 

k. Sandy clay, 8tc 

J. Green sandatone, with ailiceous concretions 

t. Poroitt light-coloured sandatone, with triimli and yellow sand 




There is, then, as we have shown, the most perfect agreement between these 
sections in different parts of the Donetz. The higher inclination of the strata 
visible in one spot near Kamenka, is proved to be, after all, a mere local derange- 
ment, since at distances of ten and more versts apart, we observed the same beds 
in nearly horizontal positions. The persistence of the shelly agglomerates with 
Trigonia clavellata and the fine-grained oolite, afford, in short, as clear a line of 
geological horizon, though on a smaller scale, as the Inoceramus sandstone in the 
lower Jurassic division of other parts of Russia. We again detected these beds 
occupying the right bank of the river, in low cliffs from fifteen to thirty feet high, 
at Donetzkaya, near Petrofskaya, where, in addition to the Trigonia clavellata and 
Nerineea elegans (Fischer), the Ammonites biplex also occurs : there is also present a 
remarkable Ammonite of undescribed species, which M. D’Orbigny informs us 
exists in the coral rag of France*. 

From the details here given, and from the section which shows that these strata 
repose upon ferruginous sands with plants, and are overlaid by green sand and 
chalk, our readers can have no doubt that the group which we are describing, is 
of age posterior to the dark Jurassic shales and sands of the central and northern 
regions. But can we refer them with precision to any one known formation or 
subformation of the oolitic series of England, or of the Jura limestone of the Con- 


' This Ammonite approaches to the ^4. biplex. 
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tinent f Even whilst on the spot, we were led rather to group them with the 
coral rag than with any inferior stratum. We subsequently confirmed this view 
by a visit to Poland, an^ can now state, that the rocks of the Donetz may be 
well compared with the white limestone on which the citadel of Cracow stands. 
Forming a low ridge along the banks of the Vistula near that city, the upper mass 
is there a white, compact limestone, about 300 feet thick, which, as it contains 
lines of flint exactly resembling those of the English chalk, was formerly placed 
on the parallel of that formation. The lower strata are yellowish, sandy, calca- 
reous grits. In the white or superior beds. Professor Zeuschner, with whom we 
recently examined the rock in situ, has identified the following fossils of the coral 
rag, — viz. Scyphia clathrata (Goldf.), Ammonites biplex, A. triplex, A. polyplocus, A. 
annularis, A. flexuosus, A. vertebralis, Lima prohoscidea, Terehratula biplicata, and 
T. subsenilis. The lower mass, from 100 to 150 feet thick, contains Pecten Jibrosus, 
P. lens, P. textorius, P. vimineus, Terebratula varians, T. concinna, T. bullata or glo- 
bata (V. Buch), T. perovalis, Lima proboscidea, and L. pectinoides ?, with some 
broken Belemnites and Fucoids. 

Judging from these organic remains. Professor Zeuschner correctly places the 
beds which contain them, in parallel, as a whole, with the coral rag. We may add, 
however, that, in our opinion, the lowest of these bands also truly represents the 
calcareous grit of Oxford and the Malt on oolite of Yorkshire, since it contains 
some of the most characteristic species of that subfonnation, — a very remarkable 
coincidence, when we consider the distance which separates Malton and Oxford 
from Cracow. But to resume and apply this reasoning to Russia, we may say, that 
the Polish beds of Southern Poland serve as a valuable connecting link between 
England and Russia, since they possess, in common with the limestones of the 
Donetz, the same characteristic Ammonites biplex, and we therefore believe, that 
they both belong to the same group — the upper Oxford oolite. 

Conclusion. — In terminating this chapter, we may repeat, that our observations 
have established and extended the view first taken by M. Von Buch, from an in- 
spection of the fossils only ; that in a broad zone, extending from the plains of 
Prussia into the distant tracts of Russia, all the Jurassic strata belong to the Ox- 
fordian formation of that series. We have further ascertained, that in Central 
Russia, as in Poland, there exists an arenaceous deposit, with plants and occa- 
sional lignite, which represents the sands in and above the Oxford clay ; whilst 
in Southern Russia a small upper member of the series is the equivalent of the 

9 . 4 . 
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white limestone of Cracow in Poland, and is, we conceive, of the exact age of the 
corsd rag and calcareous grit of England. 

Detailed examination of the fossils derived from the lowest and larger forma- 
tion has convinced M. D’Orbigny, that they belong to two stratigraphical 
divisions first established by William Smith, viz. the Kelloway rock and Oxford 
clay ; and judging from the remains we laid before him, he thinks it possible to 
distinguish, with as much precision as in France or England, the lowest Oxfordian 
or Kelloway rock, from the overlying beds of the Oxford clay. Thus, according 
to M. D’Orbigny, the fossils from Moscow, Jelatma on the Oka, the North Ural 
and the tracts near Simbirsk and in the government of Orenburg, contain similar 
assemblages of forms, which he classes with the remains of the Kelloway rock of 
England or the lower stage of his “ Terrain Oxfordien the Ammonites G-ulielmi 
(Sow.) and the A. Fournetianus (D’Orb.) being the characteristic fossils. On the 
other hand, M. D’Orbigny believes, that the beds at Makarief on the Unja, near 
Pies on the Volga, and at Sariltof, represent the middle beds of the “ Terrain Ox- 
fordien,” or simply the Oxford clay of England ; of these the Ammonites cordatus is 
characteristic '. 

Adopting invariably those views of classification, which agree with the dis- 
tribution of organic life, we have never, we trust, undervalued the importance 
of clear evidences of superposition. Now, in Russia the facts (as we have related 
them) are, that the Jurassic beds which are in contact with inferior rocks, are those 
near Pies, Makarief and Moscow. Unquestionably, tberefore, in a country void 
of all great dislocations and with little variation in the level and inclination of the 
strata, such beds may naturally be supposed to lie low in the Jurassic series. 
Judging from the few fossils we could collect in the vicinity of those junctions, 
M. D’Orbigny is led to believe, that two of these masses belong to his middle 
stage of the “Terrain Oxfordien,” whilst a third (that of Moscow) is on the par- 
allel of his lower stage. In relation, however, to the sections on the Volga near 
Pies, it must be stated, that in the Jurassic shale in contact with the red Per- 
mian rocks, we obtained Belemnites only ; whilst the other fossils were gathered 
from mouldering slopes and at intervals along the river banks, where no such 
junctions are visible. Among these fossils, the Grypheea dilatata, as already said, 
was not unfrequent, and it was associated with Ammonites cordatus, Turbo mu- 
ricatus, &c. Again, in the Jura beds upon the Oka (near Jelatma), referred by 

> In England this fossil is usually found in the ** calcareous grit.'* * 
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M. D’Orbigny to the “ ^tage infgrieure,” we find the same Gryph»a, associated 
with different ‘species of Cephalopods, which are common in the Kelloway rock or 
lower stage ; and hence it might he inferred, that the beds containing them must 
also be the lowest Jurassic stratum in Russia. This however is not the case ; for 
the section at Inkino near Jelatma (p. 234) exhibits the same fossiliferous beds 
resting upon a considerable thickness of Belemnite shale ; and a similar order of 
superposition is seen at Moscow. Whether, therefore, this shale be in contact 
with the red marl and sand of Pies or the carboniferous limestone of Moscow, or 
whether, as near Jelatma, the subjacent rocks are hidden from view, it is quite 
manifest, that it forms the lowest Jurassic stratum of Central Russia ; and it is 
also equally certain, that this lower stratum contains few fossils, and that the shells 
cited as types of the Kelloway rock are found, both at Inkino and at Moscow, in 
central or overlying beds. 

But these facts are not at variance with our general views of the identification 
of distant deposits ; for all the Jura rocks of Central and Northern Russia put 
together, are not of greater vertical thickness than one formation only of Western 
Europe, and their fossils belong, as an united group, to the Oxford clay and 
Kelloway rock of England, or “ Terrain Oxfordien ” of France. We cannot, 
it appears to us, push the parallel further, and expect invariably to find in Russia 
an exact equivalent for the little English band of Kelloway rock. We may, in- 
deed, rest satisfied with proving, that certain strata of Northern and Central 
Russia contain species which characterize the Oxford clay and its sub-forma- 
tion in England and France, — that other beds with plants represent the sands of 
the calcareous grit, whilst the white limestone in Southern Russia is the equivalent 
of the Coral Rag. 

Without the knowledge which we possess of the country, a theorist, whilst de- 
fining more precise geographical limits than we can hope to assign to the dif- 
ferent parts of this great Jurassic basin, might endeavour to indicate its littoral 
and pelagic deposits. But no such separation can be admitted so long as we know, 
that lithologically and zoologically the strata at Jelatma on the Oka, are undi- 
stinguishable from the very distant rocks of the North Ural and the basin of 
Petchora, on the one hand, and from those of Moscow on the other. 

At the same time we are quite ready to admit with M. D’Orbigny, that the fos- 
sils from Makarief, Pies and Sarktof have generally the aspect of the Oxford clay, 

• 2 L 2 



256 


SUPPRESSION OF THE INFERIOR OOLITE, LIAS AND TRIAS. 


And that thote of Moscow, Jelatma, North Ural, Simbirsk and Orenburg, present 
the “ facies” of the Kelloway rock. 

The extension of this one member of the oolitic series from the plains of 
Prussia to the frontiers of Asia, is not less remarkable, as evidence of the wide 
operation of the same general causes in ancient epochs, than as. demonstrating the 
great “ hiatus” of formations which is shown to exist between the Palaeozoic 
rocks and the Jurassic deposits ; there being in these countries an entire absence 
of the Trias, properly so called, and also of the Lias and inferior oolite. This 
omission of formations, so important in Western Europe, and there indicating so 
long a lapse of time, might lead us to presume, that the bottoms of the ancient 
seas had, to a great extent, been raised above the influence of the waters, during 
the periods which passed whilst these deposits were forming in other parts of the 
world, and that they were not again submerged until the periotf of the middle 
oolite. We might perhaps explain the absence of so much inorganic matter and 
so many animal' remains, by supposing, that the tracts thus distinguished had 
been submerged to vast depths, and placed beyond the reach of any sedimentary 
influence. But whatever theory we adopt, it is evident that such uprisings or 
depressions took place equably over a very wide area ; for in the region where 
they occur, no sort of eruptive agency has ever been in play. The operation, 
therefore, was probably one of general intumescence at one sera, and of subsidence 
at another, without the production of any of those great fissures and dislocations 
so common throughout countries affected by plutonic outbursts. 

But, putting aside speculation as to the cause of this suppression of the interme- 
diate deposits, and looking only to the actual geological succession, is our wonder 
to cease, we may ask, with the announcement, that these Oxfordian strata extend 
from the plains of Prussia to the Icy Sea of the Samoyedes, and to the Siberian or 
Asiatic flank of the Ural ? Certainly not, for we have ascertained that they are 
much more widely diffused. When we first saw the fossils of this grand Russian 
deposit, we were struck by their resemblance to forms collected by English 
travellers in the Himalaya chain, a series of which was presented to one of us * 
a few years ago by Lady Sarah Amherst *, and found by herself upon the spot. 

* Mr. Murchison. The black Ammonites collected in the Himalaya arc used as charms by the Hindoo 
Fakirs. 

Now Lady Sarah Williams. 
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Our Burmise has been confirmed by M. Alcide D’Orbigny, who, having examined 
the Himalayftn fossils of this age which we have submitted to him ', acquaints 
us, that the most common of the Hindoo Belemnites is identical with the very 
common Russian species Belemnites absolutus (Fischer) ; whilst among the Ammo- 
nites are the A. interruptus (Schloth.) and the A. triplex (Sow.), which in France 
and Germany are highly characteristic of the Oxford clay I We are not yet suffi- 
ciently acquainted with the details of East Indian geology to be able distinctly to 
assert, whether, as in Russia, the “ Terrain Oxfordien ” there prevails to the ex- 
clusion of other members of the oolitic series ; but the fact is very remarkable, 
that from whatever locality of Northern or Southern India fossils of this age have 
hitherto been brought home, they all have the “ facies Oxoniensis.” Thus in the 
Runn of Cutch and the adjacent lands at the mouth of the Indus, English geolo- 
gists have already shown, that Gryphaa dilatata is associated with fossils very 
similar to, if not identical with, the Ammonites and Trigoniae of the Oxford for- 
mation^. The same inference has, indeed, been drawn from simil&r fossils collected 
in Southern Africa, on the Orange river, considerably to the north of the Cape 
of Good Hope 

So far, then, we are assured by the evidence of organic remains, that the Ox- 
fordian strata occur in other quarters of the globe ; but how are they there distri- 
buted ? Do they occur in great continuous zones or isolated patches, and are they, 
as in Russia, the sole representatives of all the oolitic series ? Where, again, are 
their eastern limits in Asia ? may they not range from the Himalaya mountains, 
through NepauP, even into the Birman and Chinese empires ? 

Though future explorers alone can answer these queries, our readers will, in the 

‘ These Himalayan fossils included the collection of Lady Sarah Amherst and one made by Major 
D’Arcy, and presented by him to Dr. Buckland. 

* See the memoir of Captain Grant, Geol. Trans., vol. v. p. 289, and the notice by Colonel Sykes of 
collections made by Captain W. Smee and Colonel Poltinger, ibid. p. 715. The oolitic fossils of the Runn 
of Cutch, and also of the desert to the north-cast (Balmeer, Joonah, &c.), have quite the character of the 
middle oolite. See figure of Gryphaa dilatata, Geol. Trans, vol. v. p. 719. 

* Silurian System, p. 583. These African species were collected by Dr. Smith. 

* The late General Hardwick, of the East India Company’s service, brought home, together with his 

splendid collection of natural history, certain fossils from Nepaul. Among these were three species of 
Ammonite, named and figured but not described by Mr. J. £. Gray ; viz. A, Nepaulensis, A. Wallichii, 
and A, substriatua, all evidently forms of the oolitic series, but whether distinct from those of the Lias 
cannot well be determined. (See Hardwick and Gray’s Illustrations of Indian Zoology. Fol. vol. i. last 
plate.) , 
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mean time, we trust, be satisfied that we have proved, in no ambiguous terms, 
the vast range of this Oxford deposit. Our own survey has, indeed*, shown, that 
it is one of the most important members of the secondary rocks of Eastern Eu- 
rope ; for whilst in Great Britain it constitutes a small portion only of the oolites, 
not there occupying above a fifth part of the space covered by that series, in 
Russia it spreads over considerable tracts, to the entire exclusion of the Great 
and Inferior Oolite and Lias beneath, as well as of the Kimmeridge clay and Port- 
land rock above it. In a word, the Oxford formation of Russia is the only deposit 
which there exists, between the palaeozoic rocks upon which it reposes, and the 
cretaceous strata by which it is succeeded. 


P.S. As this sheet was passing; finally from our hands to the press, we received a letter from our zealous 
friend Mr. Frears of Moscow, which announces, that M. JasikofF of Simbirsk, to whose observations 
on the Cretaceous and Tertiary rocks of that government we shall presently refer, has discovered in the 
Jurassic strata a few bones of Ichthyosauri. Tliese remains occur in black calcareo-bituminous schists, 
which seem to pass on the one hand into a limestone, and on the other into greenish sands. These heds 
near Simbirsk are, however, of the same age as those of Moscow ; for they contain some of the same 
species of fossils. Among others which will be noticed in Part III. M. Jasikoflf cites Gryphaa dilatata, 
Inoceramus dubius, /. Idsvigatus, with Avicula, Terebratula, Orbicula, six species of Ammonites, two species 
of Beleranites, &c. 

In reference to what has been said of the sands with plants which overlie the fossiliferous shale of the 
Moskwa, p. 240 et seq., it ought to be stated, that the cast of the Lucina which is mentioned as occur- 
ring in these sands and grits, was found in the overlying beds south of Miatchkova, no such shell having 
ever been detected at Tatarova. We see no reason, however, to doubt our conclusions, that all these 
sandstones in the Government of Moscow are of the same age, and belong to the upper part of the Oxford 
formation. Whether the beds at Troitskoi really constitute, as we suspect, the uppermost limits of this 
series in the Government of Moscow, must be decided hereafter. 



CHAPTER XII. 

CRETACEOUS SYSTEM. 

I. Prefatory Sketch of the Variations in Mineral Character of the Cretaceous System 
of Northern Europe in its range from West to East. — Succession in England, 
France, Germany, Poland and the Carpathians. — II. Cretaceous Rocks of Russia 
in the drainage of the Donetz and the Don. — Thinning out of the white Chalk 
in the Governments of Kharkof, Kursk, S^c. — Eastern mass of Chalk on the River 
Ural. — Cretaceous Rocks of the Lower Volga extending from Simbirsk to the 
Southern Steppes. — Peculiar mineral development of the Cretaceous system of 
Russia and its apparent Passage into the Tertiary Rocks. — Country between the 
Volga and the Don. — Conclusions. 

Devoting our chief attention to the Palaeozoic rocks of the northern and 
central districts of Russia, we had no great diflSculty in mastering the relations 
of the Jurassic or next succeeding deposits, which exhibit well-defined characters 
and occupy limited spaces. A much shorter period, however, was spent by us in 
the vast region of the south, which, with the exception of the granitic steppe, a 
small patch of Palaeozoic rocks and the carboniferous tract of the Donetz, is ex- 
clusively occupied by cretaceous and tertiary deposits. Under these circumstances 
it is evident, that we must be unprepared accurately to define the boundaries and 
relations of the superior systems. In the following pages, indeed, we shall give 
other cogent reasons, which prevent us from separating the Cretaceous from the 
Tertiairy rocks, with the same decision as in England and France. To render this 
point more intelligible to our readers, and also to convey to them a clear view of 
the general range and features of the cretaceous deposits of Northern Europe, we 
shall commence this chapter with a sketch of the changes which they undergo, in 
passing from the British Isles on the West, to Russia on the East. 

In some parts of England the oolitic series is well known to be separated from 
the Cretaceolis rocks, by a considerable estuary and freshwater formation called the 
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Wealden. This deposit, feebly represented in France, but clearly recognizable in 
Hanover', is not traceable throughout Eastern Germany ; and has ho representa- 
tive in Poland or Russia. In reference to our subject, therefore, it is unnecessary 
. to enter upon the discussion which at present occupies geologists, as to the precise 
marine equivalents of these estuary and freshwater beds in other parts of the Eu- 
ropean basin. The Wealden group of the British Isles is surmounted by a thick 
Cretaceous system, divided, in ascending order, into the following formations: 
— 1. Lower Greensand. 2. Gault. 3. Upper Greensand ; and 4. Chalk. As the 
lowermost of these masses, of considerable dimensions and of varied structure 
has been recently found to contain in England many fossils characteristic of the 
“ Terrain Neocomien ” of Swiss and French authors, it is clear that the latter 
formation, which extends through the south of France, is simply a largely developed 
inferior member of the Cretaceous system, under a certain mineral type, and with 
some peculiar fossils. With this deposit we have, however, a little more concern 
than with the Wedlden, for although its lower and peculiar part does not, as far as 
we know, exist in Eastern Germany or Poland, it appears in the Crimsea and 
southern limits of Russia®. But putting aside the lowest greensand of English 
geologists, which with its continental equivalent the Neocomian must be consi- 
dered the true base of the Cretaceous system, it may be stated, that even within 
the kingdom of France it has been ascertained, that the cretaceous subdivisions in 
the south of that country are essentially distinct from those of the north. In the 
latter, as in England, the white chalk is underlaid by bands which respectively 
represent the Upper Greensand and Gault, with some development of a Lower 
Greensand ; whilst in the southern provinces the last-mentioned deposit, contain- 
ing much calcareous matter, is at once surmounted by white limestone, which 
passes under tufaceous marlstone, the whole series terminating upwards in yel- 
lowish-white and gray chalk. And yet, notwithstanding this great discrepancy in 

* See Roemer’s Versteinerungen dcs N. Deutsch. Oolith. Geb. 1836. 

" It is right to observe, that some Neocomian shells, similar to those which occur in the lowest beds of 
the greensand of the Isle of Wight, have been found near Kislavodsk, at the northern foot of the Cau- 
casus. We state this on the authority of our colleague Count Keyserling, with whom we examined 
the coast-section at Atherfield in the Isle of Wight in the spring of 1842, and thence suggested that it 
would prove to be the equivalent of the Neocomian strata of foreign geologists. (See Proc. Oeol. Soc«, 
vol. iv. p. 112, and the memoirs of Mr. Austen and Dr. Fitton, Proc. Geol. Soc. vol. iv. pp. 170 and 198.) 
M. Dubois de Montpereux had previously ascertained the presence of Neocomian strata in the Crimsea. 
His detailed sections of the whole cretaceous series, as exhibited in the cliffs of this country, are most 
instructive. (See Voyage au Caucase, &c., Fifth Ser. pi. 10. f. 13.) 
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detailed mineral succession, the system, as a whole, in France is characterized 
throughout certain fossils, some of which have a gi‘eat vertical range when fol- 
lowed from one part of that country to another'. 

With a strong general analogy, if not identity as a geological group, derived 
from stratigraphical and zoological evidences, the Cretaceous system of Germany 
differs, in the lithological arrangement of its parts, both from that of England and 
of France. In England, as already stated, the upper half is calcareous, the lower 
arenaceous and argillaceous ; and if in the North of France the same general suc- 
cession may be said to exist, the South presents, as just mentioned, a group more 
or less calcareous throughout. In Central and Eastern Germany, on the contrary, 
the whole system is much more siliceous, calcareous matter being very sparingly 
distributed. To that country, therefore, we now invite a little preliminary atten- 
tion, seeing that it is intermediate between the best known western types and the 
chalk of Russia. 

In Central and Eastern Germany, then, the upper part only, as we believe, of the 
English lower greensand, is well represented by the Quader Sandstein, which con- 
stituting rocks of picturesque forms on the northern flank of the Hartz and in 
Saxony, spreads over a wide area in Bohemia, Silesia and Moravia, where with 
Alcyonia and some fossils of the west, it contains many new species of animal 
remains, some of which have been published, and also a copious Flora*. 

In Saxony the “ Lower Quader ” is a light-coloured siliceous sandstone, with 
occasional green grains and spots of black oxide of iron. The next superior band, 
or “ Lower Planer-kalk,” is a marly grit, sometimes a chert, at others a conglome- 
rate, and even a white, incoherent and ferruginous sand. The latter rock contains 
a few peculiar fossils, and some which in Britain have been found only in the white 
chalk, such as Hippurites, sharks’ teeth and palates of fishes, with Terebratula 
gallina, T. ovoides, &c. The next, or third group, ascending, termed the “ Middle 
Planer-kalk,” varies from a white and ferruginous sandstone containing some green 
grains, to a highly calcareous grit, in which the well-known fossils Inoceramus con- 

' See D'Archiac, Etudes sur la Formation Cretacde, 1844 ; also the instructive descriptions of M. Du-« 
fr^noy, D6script. de la Carte G6ol. de France, and La Paldontologie Fran^aise of D’Orbigny. 

* See the Gssa von Sachsen, by Dr. Geinitz j also the memoir of M. Gdppert on certain plants. Another 
■work is preparing on the deposits of this age in Moravia, by Professor Glocker of Breslau, in which many 
new forms of plants are figured. The fossil contents of the cretaceous rocks of Bohemia are said to exceed 
600 species, part of which have been made known by Dr. Reuss (Kreide-gebilde des Westlichen-Bohmens, 
Frag. 1844). It is not our province here to allude to the Northern German types described by Romer, 

.2 M 
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eentricu8 and Ostrea vesicularia are most abundant. The fourth division, the “ Upper 
Plfiner,” is a dull gray, sandy, calcareous rock, containing sometimes as much as 
75 per cent, of carbonate of lime. This band is peculiarly characterized by Hamites 
and Scaphites with Terebratula cornea, T. Mantellii, certain large Inocerami common 
in the chalk of England, numerous fishes; and altogether 160 species, at least, 
have been collected from it in Saxony alone, of which the Spondylus spinosns (Pla- 
giostoma, Sow.) is perhaps the most abundant of the forms well known in the chalk 
of other countries. Lastly, the fifth or highest division, termed the “ Uppermost 
Quader,” is a siliceous building-stone, often occupying the table-land of lofty hills, 
which containing very little calcareous matter, has not afforded many fossils, though 
among them are Hamites which distinctly connect it with the underlying band ; 
and others, such as Pecten asper and Lima multicostata (Geinitz), which some ob- 
servers might consider to be characteristic of the greensand below the chalk. 

Geologists can scarcely hear of this Saxon succession ' and compare it with that 
so lucidly pointed out by Fitton and other English authors*, without perceiving that 
whilst the group of organic remains of both countries is on the w'hole the same, 
the detailed lithological order in which the beds succeed each other, and the fossils 
by which they are distinguished, are essentially different. 

In Saxony and the surrounding tracts of Germany, where there is no true chalk, 
we see several species running through the whole series. The Pecten 6-costatus^, 
for example, is found in every one of the five German subdivisions, and the /noce- 
ramus Mytiloides of the lower chalk (never yet seen in the English greensands), 
occurs in the lowest and one of the highest of the Saxon beds. Valuable, therefore, 

' This succession is given on the authority of Dr. Oeinitz of Dresden, who has just added to his former 
jmblications an interesting description, with figures, of the fossils of certain cretaceous rocks upon the 
frontiers of Saxony, Bohemia and Silesia, which were recently traversed by Mr. Murchison (Heuscheur- 
gebirge near Glatz, and Kieslingwalda near Habclschwerdt) . In his list are enumerated many species well 
known in England, as characteristic of the lower greensand series, among which are Trigonia alaformis. 
Sow., Pecten quadricostatus, ib., Cardium Ilillanum, ib., Venus faba, ib., Terebratula sellar ib., Cuculleta 
glabra, ib., Littorina conka, ib., Turritclla granulata, ib., Ostrea macroptera, ib., &c., &c. Others, from the 
game localities, and which do not there appear to lie in higher positions, are, on the contrary, in England, 
characteristic of the chalk only ; viz. Terebratula striatula, Mantell, T, octoplicata, Sow., T. ManteU 
lianea, ib., T pisum, ib., T, ovoides, ib., with Hamites elUpticus, Mantell, several fishes, &c., &c. 

* See Fitton's memoir on the strata below the chalk, Geol, Trans. voL iv. p. 103 ; and Mantell's 
Geology of the South-east of England. 

3 M. D’Archiac also shows that the Pecten b^costatus ranges through all his four divisions of the creta- 
ceous formation of the south-west of France. < 
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as species are in designating the limits of sub-groups within given distances, the 
distribution of the fossils of the Cretaceous system of France and Germany shows, 
that forms which some' geologists might consider as characterizing one division 
only of a system, there pervade all its members. We have alluded to the divisions 
of the Cretaceous system of the east of Germany, in order to lead our readers to 
admit, that as in a country not midway between the shores of Britain and some 
of the tracts to which we are about to allude, there are already such striking de- 
viations from the local types with which they are familiar, so might we, when 
transported to the eastern extremities of Europe, expect to find still less agreement 
in character between more widely-separated cretaceous deposits. Nevertheless all 
observers will not fail to be struck with the fact, that however the detailed litholo- 
gical and zoological succession of the subformations vary, the pure white chalk re- 
appears in Russia with exactly the same aspect and composition as in their own 
countries, associated with certain greensands ; whilst the cretaceous series, as a 
whole, is eminently marked by the same group of organic remahis. 

If our observations had been adequate, we should have conducted our readers, 
step by step, from the Silesian and Saxon deposits to which we have briefly alluded, 
through Poland into Volhynia and Podolia, those western governments of Russia in 
which cretaceous rocks occur. Not having, however, personally examined a great 
portion of that area, we must dismiss this subject in a few paragraphs, relating to 
tracts with which we have so slight an acquaintance, and then proceed to describe 
those parts of Russia in which we made more accurate observations'. 

Covering portions of the south of Poland, the cretaceous rocks extend in great 
force into Volhynia, and are extensively exposed on the banks of the Vistula and 
its tributaries. Thence they range by Lublin into Podolia, where they surmount 
the Palaeozoic rocks (Devonian '? and Silurian) on the banks of the Dniester (en- 
virons of Kamenetz-Podolsk, and Moghilev). 

In that tract of Poland which lies to the south of Kielce, and between that town 
and Cracow, the cretaceous rocks have a very uniform aspect, and consist of thin- 

' la the Royal collections at Warsaw wu noticed the small Exogyra calceola in a greensand from 
Denischin near Marionufka on the Dniester ; Gryphea annulata and Eaulili from Kasbisch on the Vis- 
tula ; large Inocerami with Scaphites and Echini in flints, from gray chalk in a tract extending from Khar- 
kuf by Novi-miasto to Kortchin, where those fossils are associated with sulphur and gypsum ; Belemnites 
from Udritza near Yeunstock j Alcyonia in large branches from Lublin and the country extending to 
Zcunosch and Kasmisch. At the latter place the zoophyte, Choanites of Mantell, occurs, and will be 
pointed out as i;p-appearing at Khwalynsk on the Volga, and at Kursk in the heart of Russia. 

2 M 2 
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bedded, dingy white, and cream-colonred marlstones, occasionally very like the 
more chalky beds of the upper greensand, or “ craie chlorit^e.*' They there 
contain Inocerami with Spatangus cor-anguinum, Terebratula camea, and other well- 
known chalk fossils ; and the basin, both at its northern and southern extremities, 
rests upon Jurassic strata. The rock, for example, on which the citadel of Cracow 
stands, which, from its white colour and imbedded dints, was long considered to be 
chalk, is, as we have before mentioned, the southernmost of these Jurassic 
zones. 

But as we have not had leisure to decipher the relative age of the different 
members of the Cretaceous system of Poland, we must refer to the works on that 
subject by M. Pusch, and also to the recent labours of Professor Zeuschner, who 
has thrown new light upon the fossil contents of the secondary formations of his 
native country. There is, however, one great geological feature which cannot here 
be passed over in silence, viz. the widely-diffused sandstone and shale which occupies 
so prominent a space upon our Map on the northern flank of the Carpathian chain, 
and is coloured by us as cretaceous. In so classifying the Carpathian sandstone, 
or “ Gr^s des Carpathes,” we adopt the conclusions of the leader of German geo- 
logists, M. Von Buch, and of our precursor M. Boud, and are necessarily at variance 
with the newly-published opinion of M. Zeuschner, who accompanied one of us in 
a traverse across these outer ridges or “ contre-forts ” of the Tatra Mountains. In 
stating our own view, we must at the same time admit that, as a whole, the “ Gr^s 
des Carpathes ” is very different in mineral composition from the Quader Sandstein 
of the adjacent low countries of Silesia, Moravia, &c. ; and that, as yet, it has offered 
no distinct organic remains beyond those fucoids which have been considered as 
marking the lower stage of the Cretaceous system. We adhere, however, to our 
opinion for this plain reason ; that in our transverse section to the Tatra, we 
found the lowest beds of this Carpathian sandstone composed of sand and dark 
shale, reposing upon a limestone' loaded with Nummulites, Pectens, Echini, &c., 
which rock is clearly incumbent upon the Jura or Alpine limestone, — with its cha- 
racteristic fossils, and including in its lower beds some well-known Lias species. 
In fact, we found the Tatra chain and its dependencies upon the north to be a 
repetition, as nearly as possible in all its parts, of the Austrian Alps, with the sur- 
vey of which one of us was formerly much occupied. The sandstone and shale of 

' These Nominulites are distinct in specific characters from those occurring in rocks, which in the Pyre- 
nees, the Crimsea and other countries, constitute the uppermost cretaceous or lowest tertiary stratum. 



CHALK OF THE COUNTRY OF THE DON COSSACKS. 


265 


the 8ub-A4>ine eminences near Vienna (the Flysch of Keferstein and Studer), which 
are interposed between massive and lofty mountains of limestone (Alpen or Jura 
Kalk), and the tertiary accumulations of the plains, are in fact undistinguishable 
from the “ Gr^s desCarpathes” both in structure and position, and in the fucoids 
which they both contain 

Whatever may be the exact equivalent of the “ Gr^s desCarpathes,” there can, 
however, be no doubt that to the north and north-east of that peculiar formation, 
there exists an enormous development of true cretaceous deposits, including much 
white chalk. For the account of these beds in Podolia and on the Dniester, we 
refer to the writings of Eichwald, Dubois, Blode and others, and we now at once 
transport our readers to similar rocks in those regions of Southern Russia, where 
we have personally examined them. 

Chalk of the •Donete, or Country of the Don Cossacks . — One of the finest displays 
of white chalk we saw in Russia, occurs in the southern steppes of the Don Cos- 
sacks, on the right bank of the river Donetz, which there flows'for some distance 
in denudations of this rock. On the right bank of that stream, to the south of 
the Lugan iron- works, the white chalk occupies basins or undulations, which, as 
already explained (p.108), are occasionally separated from each other by protruding 
masses of highly inclined carboniferous strata. To show the very great thickness 
of the white chalk in parts of this region, we may state, that at the period of our 


^ lu justice to our friend M. Zeuschner, it should be stated, that he has been led to group the “ Gres 
des Carpathes ** with the Jurassic series, because he observed in it what he supposed to be an intercala- 
tion of rocks containing Jura fossils. See section in a work, written in the Polish language, “ Rzut 
Oka na budowe Geologiczna Tatrow przez L. Zejszncra, Warszawa, 1842/* But we examined the 
very sections which led him to adopt this view, and cannot agree with him. We believe that the appear- 
ance of limestone with Jurassic fossils (inferior oolite, &c.), forming part of the series of the Carpathian 
sandstone at Zadary, is simply due to an upcast, upon a line of eruption parallel to the granitic axis of the 
Tatra, by which the lower Jurassic strata have been forced up or wedged in amidst these sandy cretaceous 
formations, which, according to our view, are thrown off both to the south and north. This is indeed 
proved by the rise en masse, as above stated, of the Jurassic group of the great Tatra from beneath these 
same sandstones. An Aptychus ?, Ammonite, and Pecten have, it is true, been found in a portion of an 
outer zone of rock, very distant from the Carpathian mountains, and about one post south of Cracow, 
which is referred by M. Zeuschner to the same sandstone : but the relations of the strata are there 
much too obscure to enable us, as yet, to draw any rational conclusions from them. Until the detailed 
relations of the undulating region, extending far from the flanks of the Carpathians, are better worked 
out, and all its organic remains made known (a task which we trust M. Zeuschner will accomplish), it 
would obviously be unfair to express any opinion or decision concerning this tract, although the evidence 
is decisive at Za^y and on the north flank of the Tatra. 
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visit (1841) Artesian sinkings had been made at Lugan to a depth of 630 feet with- 
out any indication of a change of rock. ' 

At Uspensk in the same district, where the chalk lies in hollows of the car- 
boniferous strata, we found Inoceramtw crnta galli, I. (Catillus) Cumeri, IAtiui semiaul- 
cata, Ostrea vesicularis, Belemnites mucronatus, &c. &c. Courses of dint, of white, 
gray, resinous and black colours, are there numerous. The whole of this creta- 
ceous mass, though unconformable to the subjacent coal strata, seems to have been 
simultaneously adfected by a movement of elevation, for it dips with them to the 
north-north-east, though not by any means at so high an angle. But besides the 
pure white chalk, there occur in this same district, particularly to the north of 
Lugan, and between that place and the great coal-works of Lissitchia-balka, some 
small tracts in which greensands, apparently rising from beneath the chalk, are 
loaded with Exogyrae, as well as with the Ostrea vesicularis. Thbse portions of 
greensand extend to the right bank of the Donetz, in depressions of the older rocks, 
at Serebrianka and Verknaia. At the bureau of the mines at Lissitchia-balka, we 
inspected several fossils in a matrix of greensand derived from these localities, but 
none of them had the facies of the remains of lower greensand, all of them (in- 
cluding the Ostrea vesicularis) being species of the white chalk and upper greensand 
of Western Europe. 

Before we leave the overlying deposits around these carboniferous tracts, we 
must further state, that on their southern frontier they are also surmounted by a 
narrow band of chalk, which, with a slight interruption, extends from the con- 
fluence of the Donetz and the Don on the east, to the rivers Miuss and Krinka 
on the west'. Again, on the eastern limits of this coal country we observed nu- 
merous instructive sections of white chalk, notably at Kamenskaya and on the little 
streams Slaboka, Glaboka, &c., tributaries of the Donetz. In several other locali- 
ties, which it is unnecessary now to specify, as their names do not appear upon 
our map, the white chalk is distinctly and conformably surmounted by a peculiar, 
white clay-stone, with marlstone and sands, the whole being perfectly analogous to 
strata in the government of Kursk, which we shall presently show to be an integral 
part of the Cretaceous system. 

In tracing the cretaceous rocks from these southern coal regions in their course 

^ lliis band of chalk is correctly laid down by Captiun Ivanitzki in a geological map of this region, 
with which we were furnished by General Tcheffkine» and of which a reduction has been published in the 
' Annusdre des Mines de Russie.’ We have somewhat extended Captain Ivanitzki’e bapd. 



CRETACEOUS ROCKS OF KHARKOF. 


267 


to the north, we must specially revert to the admirable section at Izium on the 
river Donetz *(p. 252). There, as above remarked, is seen a clear order of super- 
position, which shows the upper Jura limestone or coral rag covered, by light- 
coloured sandstone and sand with green grains, inclosing thin courses of marl. 
These beds pass upwards into porous sandstone with tripoli, the whole of this lower 
cretaceous or greensand group, of about 70 feet in thickness, being surmounted by 
pure white chalk. 

SECTION AT IZIUM. 39 bis. 


m. White chalk. 

i. Hard quaitsoae grit, with ailiceous cement. 
k. Sandy day, &c. 

J, Green aandatono, with siliceous concretions. 

Porous light*coloured sandstone, with tripoli and yellow sand. 


A, Grey sandstone and sand, with green grains and courses of marl 


g. Three beds of limestone, with small univalves and Nerituta. 

/. Fine-grained oolite in a base of compact limestone 

e. Soft yuUow limestone, with Ocrmllia; 

d. Limestone, very hard and compact, slightly translucent, occasionally con- 1 
taining gypseous courses and a few fossils / 

c. Marls and shelly agglomerates, with Trignnia clamllata and Cida- '1 

rite» Btumenhfwhii / 

b. Band of fine oolitic structure 


Beds obscured by alluvia. 
Levd of the Donets 


Sands with plants . . 



The structure of the country in the governments of Kharkof and Kursk con- 
vinced us, however, that thick as it may be at Lugan and in the upper steppe of 
the Don Cossacks, the white chalk dwindles out to one thin bed in the adjacent 
regions upon the north, and plays a very subordinate part only, amid argillaceous 
and siliceous masses which there represent the Cretaceous system. 

The important and flourishing city of Kharkof ' stands in the centre of deposits 
which, from their light colours alone, might lead to the impression of their being 
cretaceous ; for, consisting of whitish, greenish, and light yellow argillaceous beds, 
which, at first sight, very much resemble chalk marls, they become white in 
weathering, and leave chalk-like streaks when rubbed upon any other substance. 
This rock is, however, nothing more than one of the varieties of a deposit we shall 
in the sequel describe, as existing in great force on the banks of the Volga and the 
Don ; being a very light, minutely micaceous and fine-grained earthy sandstone, 
which derives its colour and character from a large proportion of white felspar. It 
contmns no lime, at least in most places, it does not effervesce with acids, and is 

* This city, little known in Europe, contains an university and a population of upwards of 40,000 
persons. , 
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what Major Bl6de has designated “ Kiesel-thon.” We consider it, however, to be 
of the Cretaceous epoch, for the following reasons. Three or four verSts to the east 
of Kharkof, these white rocks are overlaid by regularly bedded, ferruginous sands, 
sometimes almost flagstones, but in other parts appearing as concretions in fox- 
coloured sand. Such beds occur in certain ravines, where a passage is seen into 
the whiter masses through strata of green sandstone, in which grains of chlorite 
are disseminated in a sandy argillaceous paste. Being the only hard beds in the 
country, they are much used for building and paving purposes. 

These rocks, extending to the northern frontiers of the government of Kharkof, 
offered us no organic remains, nor has Major Blode, who has examined them much 
more than ourselves, been able to detect any traces of such, even where they range 
over a wide space westwards into the government of Pultava. In that direction, 
indeed, the hard ferruginous masses often form isolated hills. At Bielgorod, about 
sixty versts to the north of Kharkof*, a mass of true chalk reappears high above 
the town, and therefore, as we conceive, overlying some members of the great 
arenaceous development of the Cretaceous system which we detected under the 
drift, in Ihc^ lower slopes of the adjacent hills. The ascending section here, in 
proceeding from the valley to the hill above the town upon the north, exhibits — 
1. Sands, &c. ; relations obscured in the slopes. 2. White chalk without flints, in 
horizontal beds about 100 feet thick. 3. Greenish friable sandstone, about ten 
feet, containing siliceous flags, and separated from the chalk by a course of gray 
laminated marl. 4. Superficial black earth or “ Tchornozem.” 

AtOhoyan on the river Psol, the white chalk disappears, and the cliffs have ex- 
actly the same appearance as those near Kharkof ; for what seemed to us to be 
chalk under the first rays of an autumnal rising sun, proved on closer inspection 
to be non-calcareous, and nothing more than a white variety of the “ Kiesel-thon,” 
or sandy marlstone, in which a very little calcareous matter was disseminated ; and 
thus the rock began to assume the real characters of the upper greensand, the 
Planer-kalk of Germany, or the “ Malm rock ” of England. At the stage north 
of Oboyan, called Selikof, rocks of the same general aspect become still more cal- 
careous, and exhibit strata (in the ravines) which show a distinct passage from dirty 
white, sandy, argillaceous marl, to chalk marl, — and even into what could not be 
distinguished, at first sight, from chalk, but which in reality, however, is not so, 
as is well known to the natives, who transport their “ meol ” or true chalk from a 
distance of forty or fifty versts. It may he remarked, that in propo^:tion as these 

* 'fhe White City. 
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mariAtones become calcareous, they have less of the conchoidal fracture of the 
“ Kiesel-thOn*,” are on the whole whiter, are occasionally iron shot, and con- 
tain certain corals (Choanites), which are certainly of the Cretaceous age, since 
they occur in the white chalk of England. Having already noticed these last- 
mentioned corals in Poland, we shall hereafter advert to them, as associated with 
other cretaceous fossils in white chalk, at Volsk upon the Volga. 

In following these beds to the city of Kursk, we became convinced that the 
whole of the argillo-siliceous and marnose group we had been examining, must 
be included in the Cretaceous system. In their range from Kharkof to Kursk, 
the beds becoming gradually more calcareous, show traces of animal life in pro- 
portion to an increase of lime. At Kursk we found, indeed, fossils in them which 
leave no doubt of the age of the deposit, such as a Belemnite, two species of Tere- 
bratulw, and tllte same Choanites already alluded to. This mass of chalk marls, 
having much the character of the upper greensand of England, is seen, on the banks 
of the rivers Sera and Tuskar, distinctly to overlie a course of l)ure white chalk 
without flints, of about seven feet in thickness, and containing Terebratulse, one 
of which resembles T. camea. The detailed section from the banks of the Sem to 
the high ground on which stands the city of Kursk, is thus most valuable in clearly 
demonstrating, that the white chalk thins out in a system of sands and marls which 
are thus exhibited. 


GENERAL SECTION AT KURSK. 


e. Sand* occaaionally ferruginous with concretions, passing downwards into 
sandy marls, &c. 


Chalk, marl, and **Kiesel*thon ” with Terebratulse, a Belemnite, > 
and Choanites. iu 


(Iron pyrites at intervals, and a munic of yeUow 
chalk marl at the base.) 




r. White chalk with TerebraMa camea j | 

b. Ironstone shelly agglomerate ^ ^ . “ “ 

a. Green and yellow sands — -- 

Level of the river - 

The ironstone (section of b) consists of a floor about four feet thick, of irregular mammillary concretions, 
so matted together as to form thick paving-stones, the internal structure of which somewhat resembles 
that of the clinkers in the lower greensand of English geologists (the car-stone of Norfolk, Bedford, &c.) . 
A portion of this band is extensively quarried in galleries beneath the white chalk, and is usually charged 
with Ostraa, the species of which is unknown to us. This bed of concretionary ironstone (the paving- 
stone of the city) does not exceed six inches to one foot in thickness, and occasionally lies in a mass of 
true greenMnd, i. e. yellowish, incoherent, yellow sand, in which green particles are disseminated. 
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270 


CRETACEOUS ROCKS OF THE DON. 


Whatever horizon may hereafter be assigned to the uppermost sands, or (e) erf 
this section, we can have no hesitation in considering the three underlying mem- 
bers as Cretaceous, and from their stratigraphical and lithological connection we 
believe them to be also part of the same system ; their composition and re- 
lations have also convinced us, that the strata over wide surfaces to the east and 
south of Kursk, of which they are prolongations, may owe their paucity or absence 
of organic remains to the lithological composition of the rocks. It is, indeed, 
certain, that with the exception of containing a little calcareous matter, the argillo- 
siliceous marls of Kursk, are identical in colour, aspect, composition and manner 
of bedding, with the white siliceous clay-stones of Kharkof, and the formation is 
continuous between these places. 

The establishment, therefore, of the age of the marls of Kursk by their inter- 
lacement and connection with white chalk, ironsand and greenshnd containing 
fossils, is a point of considerable importance, in clearing up the obscure question, 
as to what is or ife not to be included in the Cretaceous system of Russia. Major 
Blode, who had closely defined the lithological character of these strata in the 
government of Kharkof, not having, when we left the country, seen the proofs we 
discovered at Kursk, was unable, from zoological or other evidence, to assign such 
beds to their correct place in the series ; but we must do him the justice to say, 
that arguing from their aspect and composition, as well as from the entire absence 
of tertiary fossils (which, he contended, if the deposit were younger than the chalk, 
would be found in them), he always considered the strata around Kharkof as be- 
longing to the secondary rocks. 

Cretaceous Rocks of the Don . — On referring to the Map, it will be seen that cre- 
taceous rocks occupy very wide spaces upon the Don. These masses may, indeed, 
be considered as the eastern prolongation of the deposits in Southern Russia, to 
which we have just adverted. 

In passing from the Donetz to the Don, and particularly on the banks of the 
Kalitva, we found sections, in ascending order, analogous to those of Kursk, from 
white chalk, through whitish marls and “ Kiesel-thon ” to siliceous sand. The 
same order is seen on the left bank of the Don at the station of Matiushenskaya. 
Again, much further down that stream, below the great elbow which it makes 
towards the Volga, we met with a similar succession between Golabinskaya and 
Piattisbianskaya, to the south and east of which last place the white chalk with its 
superincumbent and associated marls, marlstone and sandstone sinks beneath the 
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tertiary limestone of the steppes. To this point we shall again refer. In ascending 
the Don, we t>erceived that the chalk was continuous to the neighbourhood of 
Voroneje, where it overlSps the Devonian rocks before described. We would not 
unnecessarily multiply sections which exhibit merely lithological succession, but 
we beg to oflFer one which we made in the neighbourhood of that city, because it is 
as valuable in showing a full development of the sands, &c. beneath the white chalk 
as some of the preceding sections have been in respect to the overlying strata. The 
following ascending succession, then, is seen on the river Veduga, two versts below 
the village of Indovistye, and to the west of Voroneje. — 

V. White chalk, 20 feet. Above this the regular succession terminates, and the surface of the chalk is 
covered by the reddish alluvium or drift common to large tracts of Russia, and by black earth 
and northern blocks. 

IV. Ferruginous, siliceous, concretionary band, exactly like that of Kursk, beneath the chalk (woodcut, p. 269) , 
mixdd with some greensand, 4 feet. 

III. Greensand, 100 feet in thickness, divided into the following courses in ascending order: — a, white and 
yellow sands alternating, and containing flaggy grit, 20 feet ; 6, yellow ferruginous grit, 3 feet ; 
c, alternations of yellow and white sands, containing concretions and flags of hard grit of irregular 
surface, 20 feet ; d, coarse-grained greenish sandstone spotted yellow, 40 feet ; e, coarse-grained 
micaceous green sandstone, spotted grey and weathering into elongated fragments. 

II. Black schistose clay, 30 feet. 

I. Lowest beds, ferniginous sandstone, 7 feet. 

So far then we do not hesitate to place all the strata, alluded to in the preceding 
pages, in the Cretaceous system ; but we admit we have some embarrassment in 
even rudely determining the limit between the cretaceous rocks of the south, 
and those ferruginous sands and grits between Mtzensk and Bielef, which we 
have for the present classed with the Jurassic sandstones of Moscow and Vla- 
dimir'. We can only state our impression, that in those regions, true cretaceous 
rocks do not extend northwards beyond the great dome of Devonian rocks which 
constitutes the axis of Russia. In the absence of fossils it is, indeed, difficult to 
form a correct opinion concerning the age of sandy deposits occurring at wide in- 
tervals only and in small patches, and which from their lithological composition 
might be considered as Jurassic, Cretaceous, or even Tertiary. We have already 
seen reason to allow, that the siliceous grits of Moscow are truly Jurassic, though 
they much resemble other grits which in the south of Russia certainly lie above 
the chalk. If the simple analogy of the mineral or external character of certain 
sands and grits to those which overlie the white chalk could be assumed as an in- 

* We leave the classification of the isolated masses which occur between the southern basin and that 
of Moscow open till the discovery of fossils. 
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CHALK ON THE BANKS OF THE RIVER URAL. 


dication of their belonging to the same epoch, we could easily have solved such 
a question, by placing all the sands, clay-stone, &c. of the southern regions in the 
tertiary series. But the clear sections of Kursk and numerous other places con- 
tradict such a classification ; whilst the structure of Saxony and the adjacent 
parts of Glermany support the view which we have adopted, by distinctly proving, 
that the very uppermost beds of the Cretaceous group are often siliceous sand- 
stones. In describing the tracts of this age along the Lower Volga, we shall pre- 
sently show how, as at Kursk, siliceous sands with beds of marlstone and clay- 
stone are interlaced with the white chalk, and form with it one inseparable series. 
In the mean time let us say a few words on the chalk of the far-distant south-eastern 
steppes, on the banks of the river Ural. 

Chalk on the banks of the Ural. — ^The most remote country in which we observed 
true chalk, was on the banks of the river Ural, about 150 versfs south-west of 
Orenburg, where it forms a zone of about 160 versts in width, extending from the 
junction of the Utva with the Ural on the north-east, to the country beyond Uralsk 
on the south-west. The greatest length of this zone, we had no means of deter- 
mining, in that wild region of Kirghis and Cossacks, the extreme boundary of 
the Russian empire ; but from what we could ascertain, the chalk ranges from the 
banks of the Ural, where we examined it, to beyond the sources of the. Kamelik, a 
tributary of the Volga on the west, and on the east towards the rise of the Utva. It 
may, indeed, have a much wider range than we have assigned to it on our Map, 
for Pallas has spoken of chalk on the European side of the Ural, near the 
sources of the Busuluk river*, and it may therefore occur to a small extent on the 
north side of the Jurassic rocks which are laid down upon our Map. For our own 
part, we observed chalk at the hill of Semipolatnoi on the river Utva, and also on 
the opposite bank of the Ural river, at the Cossack outposts of Baratinskoi, Zenu- 
arzof, and Rubeshnoi, where it is white, without flints, in horizontal beds, and con- 
tains InoceramusCuvieri and Belemnites. The alluvial plain on which is placed Uralsk, 
the chief town of the frontier Cossacks, is almost surrounded by chalk (see Map), 
which to the south sinks under the tertiary sands of the steppes of the Kirghis. 

Cretaceous rocks of the Volga below Simbirsk. — In describing the range of the 

' We 80 much respect the authority of Pallas on every point, that we scarcely dare to express a doubt 
respecting this chalk near the sources of the Busuluk. As, however, in passing from Orenburg to Samara, 
we traversed the Obschey Sirt (see Map), and saw nothing but Permian rocks, we venture to surmise, 
that ti»e rock supposed to be chalk, may prove to be one of the white marlstones, or limestones so abun- 
dant in the red Permian deposits ? ' 
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Jurassic rocks on the Lower Volga, we have already informed our readers, that 
they are overlaid by cretaceous deposits. If we had had sufficient time we might 
probably have obtained clearer evidences of the exact order of these strata, in the 
governments of Simbirsk and Sarhtof than in any other part of Russia ; for in that 
region the right bank of the Volga is composed of plateaux of considerable alti- 
tude, the beds composing which are occasionally well exposed both on the banks 
of that great river and its tributaries, as well as in numerous ravines. 

In respect to the cretaceous beds near the city of Simbirsk, we can say that they 
are of considerable thickness, and that we observed in them the following fossils : 
Terebratula octoplicata, identical with that of Meudon near Paris, T. Defrancii, T. 
camea, Ostrea vesicularis, Pecten serratus, P. undulatus, Inoceramus Cuvieri, Belem- 
nites mucronatus, Lenticulites Comptoni (Nils.), and Frondicularia complanata (Defr.). 
M. Jasikoff of* Simbirsk, who has made a most interesting collection of the fossils 
of this tract, which we inspected in his absence, states, that the Cretaceous system 
there presents a descending succession of white chalk, gray aild chloritic chalk, 
and chalk marl'. 

Ill-provided as we are with the means of defining the geographical limits of the 
cretaceous rocks of this tract, we must, in truth, leave all such efforts to be made 
by M. Jasikoff and geologists resident in the country, and in the mean time simply 
speak of phsenomena lower down the Volga which fell under our own notice. 

In travelling from Simbirsk along the right bank of the Volga, towards its 
mouth, we found that the white chalk, wrapping round the Jurassic beds, ranged 

• Whilst these pages are passing through the press, a letter received from our friend Mr. Frears of 
Moscow, explains the most recent views of M. Jasikoff respecting the geological succession in the envi- 
rons of Simbirsk. The uppermost cretaceous beds (covered by tertiary clays and sands) consist of white 
chalk with courses of chert, occasional deposits of tripoli, and masses of ferruginous ochre ; beneath these 
is chalky marl with bands of chloritic chalk ; and thirdly, marls with nodules of phosphate of lime. The 
group, about 250 feet thick and containing in all nearly forty fossils, is evidently the equivalent of the 
chalk properly so called, for in its central and lower bands of “ craie chlorit6e ” are well-known chalk 
species, such as Inoceramus Cuvieri, Belemnites mucronatus, &c., associated with zoophytes, &c.. whilst in 
the upper beds are found Terebratula cornea, T. subrotunda, Spatangus cor-anguinum, Plagiostoma (Lima) 
Hoperi, Belemnites mucronatus, Scaphites agualis, with Zoophytes, Crustacese, and teeth and vertehrse of 
fishes. Beneath this formation, however, M. Jasikoff has discovered variegated clays 300 feet thick (near 
Simbirsk and at Shilovka on the river Uren), in which he has detected one fossil only, viz. Ammonites 
coHsobrinus, a species which M. D’Orbigny places in the " couches sup^rieures N5ocomiennes, ’ or upper 
part of the lower greensand of English geologists. The fossils enumerated by M. Jasikoff will be men- 
tioned in Part 111. of this work, but we shall presently revert to the deposits by which the white chalk is 
covered in the efivirons of Simbirsk. 
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in low hills a few miles on the west of our route, and then advanced to the 
promontory of Kashpoor. Hie rock is well seen in the descent which the road 
makes from a plateau, obscured by black earth and detritus, to the Volga at 
Kwalynsk, where true chalk having a thickness of upwards of 200 feet, reposes on 
Jurassic beds (sands and shale, &c.) with Ammonites Panderi. As we moved with 
great celerity, being anxious to employ the chief remaining portion of the fine 
autumnal weather of 1841 in the survey of the coal country of the Donetz, we had 
not the means of accurately ascertaining either the horizontal or vertical limits of 
the cretaceous masses. We believe, however, that certain marls and marlstone, 
porcellaneous and sandstone bands with which the white chalk is associated, must, 
as at Kharkof and Kursk, be contained in the Cretaceous system. At Kerza the 
white chalk is seen in a promontory on the Volga, and the higher hills, ranging 
into the interior, are occupied by sands and sandstones. 

At Volsk, indeed, there is a clear section in which at least 200 feet of chalk 
with Belemnites, a Pecten resembling the Pecten quinque-costatus, and fragments of 
the coralline Choanites, are capped by an equal thickness of whitish yellow sand, 
which passes upwards into bands of hard, compact, siliceous grit. 

The higher hills or superior strata to the south-west of Volsk are chiefly com- 
posed of bluish-gray, sandy, slightly micaceous psammitic shale of conchoidal frac- 
ture, which is here and there porcellaneous (Kiesel-thon), and which passes into 
finely laminated, ferruginous and white sandstone with green grains. If the gene- 
ral arrangement of the masses, in a country which is composed essentially of hori- 
zontal strata, be our guide, we should say, that these strata must overlie and form 
the upper part of the chalk exposed at the adjacent town of Volsk. We detected, 
however, in these beds imperfect casts of Nucula, Lucina, Turritella and other 
shells, which we were disposed at the time to consider tertiary. But our mate- 
rials are too vague, and the intermediate strata too little known, to enable us to 
decide the point, which we leave to be settled by our successors, simply noting 
by the way, that these beds may very probably indicate a passage from the Se- 
condary to the Tertiary deposits. 

Similar siliceous claystones and sands protrude at intervals through the drift at 
many places, and give rise to a sterile country. They range, in fact, over all the 
higher lands north and south of the city of Sar&tof, and are largely developed 
throughout the government of that name. In ascending from the lower grounds at 
Sarktof, where we have described high cliflfs of Jurassic shales and sands, we 
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passed in succession through beds of whitish, bluish-gray and yellowish sands, for 
the most part incoherent, but containing concretions of silicihed sandstone with 
Alcyonic bodies, and corals, &c., which are overlaid by siliceous mottled clay- 
stone of porcellaneous character, in parts including green grains, and resembling 
many varieties of the greensand series of Britain, or of the Quader Sandstein and 
Pltlner-kalk of the Germans, where those members of the series are not calcareous. 

The annexed woodcut and the accompanying description, will convey a general 
idea of this succession. 



Volga. « 


t. Sands— bate of Tertiary deposits. 
h. Siliceous beds. 

g. Claystonc and porcellanite. 1 

CRETACEOUS. " /. Dull grey argillaceous marlstonc. j flinty Kiesebthon.) 

e. Whitish, grvy, and bluish marls. 

^ d. White and yellow sands and sandstone, with Alcyonia and corals. 

” c. Alternations of shale and sand, with Jura fossils. 

JURASSIC y Ferruginous sands of great thickness. 

^ a. Dark pyritous shale, with concretions of argillaceous limestone, Atnmonites rordahfs, &c. 


In the walls of the farm-houses of the German colonists at some distance to 
the south of SarMof, we met with earthy, yellowish sandstones, having green 
grains diffused, which so completely resembled some of the secondary greensands 
of England, more particularly in containing long branching bodies like Alcyonia, 
that however indisposed to admit lithological identity and imperfect fossil proofs to 
guide us, we could not avoid believing, on the spot, that these rocks formed a part 
of the Cretaceous system. 

In pursuing our course still further to the south, we were presented with other 
evidences which at once convinced us, that although the higher plateaux might, to 
a great extent, be cretaceous, the depressions, at all events, were certainly occu- 
pied by tertiary rocks j for to the north-west of the town of Kamischine, we found, 
in a siliceous grit, mineralogically very much resembling the Lower Quader of the 
Germans, beautifully preserved impressions of dicotyledonous leaves, which are 
unquestionably of tertiary age. Of these we shall treat in the next chapter. These 
siliceous rocks appeared to us distinctly to overlie the porcellaneous shale and green- 
sand with Alcyonise which we have been considering, as represented in this section. 
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White quRTtsoee ulieeoiu grit, with letves of diootyledonoui pUnte. 

Sands, rUy and marl, — beds obscured in sandy slopes. 

Sandstone, sand and white maristone, with Alcyonie forms and ironstone concretions* 
Hard, porcellaneous, bluish-grey claystoneand maristone (conchoidal fracture). 


• But here it is essential to point out to our readers, that the same siliceous 
maristone and sandstone with Alcyonia, which near SarJltof we have shown to 
occupy a plateau, descend atKamischine to low cliffs upon the Volga, where they 
are surmounted by tertiary grits. In these relations, therefore, as well as in the 
gradual disappearance of the Jurassic strata beneath the chalk, we have the 
clearest proofs, that in following the course of the Volga from Sar&tof, or from 
north to south, the older formations successively disappear beneath the younger. 

The beds of this series, which have the most persistent character, are dingy 
white claystone of very low specific gravity, with ferruginous concretions and 
some grains of greensand, which are seen to repose on a similar rock of equally 
compact structure and conchoidal fracture, — a porcellauite, in which greensand 
concretions occur at intervals. In a word, these rocks on the level of the Volga 
at Kamischine, are undistinguishable from the beds which near Volsk and Sarktof 
are several hundred feet above that stream ; for they contain Alcyonic-like bodies 
having stems and heads, usually in very decisive green sandstone and with some 
imperfect corals. We may also remark, that Exogyrae imbedded in greensand occur 
in this region, specimens of which were sent to Professor Eichwald, who submitted 
them to our inspection on our return to St. Petersburgh >. 

Still further to the south we found similar argillaceous and sandy beds, with 
concretions of greensand and mottled, porcellaneous, greenish maristone, in parts 
having a cretaceous aspect, with overlying sands and quartzose sandstone ; and at 
the post-station of Bielaya-glina, thirty versts south of Kamischine, we again met 
with pure white chalk, rising into hills and exposed in ravines, at nearly the same 
level, and at a very short distance from the sandstone, claystone and marl we have 
been considering. In these chalk beds were several fossils, including corals and 
Terebratula camea. 


> It was stated that these Exogyrec were found between Kamischine and Tzaritzin ; but the locality 
was not mentioned. One of the Exogyrse bears certainly a strong resemblance to a species common in 
the Maidstone grits or upper part of the lower greensand of England, and is associated with a small Pla- 
giostoma, a Pecten very near to P. orbicularis, Vermetus, &c. 
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Seeing, therefore, in a country which has been subjected to few or no great 
dislocations, tkat the white chalk reappears at intervals upon the same level as 
certain beds of white and gray claystone and sandstone, we came to the conclusion, 
that the latter must here constitute the dominant portion of the Cretaceous system, 
in which the white chalk occurs in large occasional masses only. Led as we were 
to this conviction by the general structure of the country on the Lower Volga, 
we were still more impressed with it, when in our examination of the Steppes 
of the Don and the governments of Kharkof and Kursk we found, as already 
stated, an abundant development of similar rocks, in none of which could we de- 
tect the trace of any tertiary shell, but in which, to the evidences collected on the 
Volga, we added, as already stated, that of a Belemnite with Terebratulae and 
Polypifers, unquestionably of cretaceous age, 

A traverse wfiich we made from the chalk of Bielaia-glina to Antipofka* on the 
Volga, also confirmed us in our views of the order of superposition. Leaving the de- 
nudations in the white chalk, we there passed over a plateau of sandy and quartzose 
character, the beds of which, distinctly overlying the chalk, seemed to incline gra- 
dually upon a long slope, so as to form the base of certain shelly beds, which upon 
the Volga are loaded with fossils of Eocene age, the whole as represented in this 
drawing. 

SECTION SHOWING THE GENERAL RELATIONS OF THE CRETACEOUS AND TERTIARY STRATA. 


W.N.W. E.S.E. 

Bieliuiuglina. Antipolka. 



rf. Tertiary oands. 

c. Clay and aand with Hhcliv roncretiona (Bognor and London clay-shclls). 
b. Sands and claystone, Ac. . forming the passage from cretaceous to tertiary rocks. 
a. White chalk, with Tcrchnitulu* and other fossils. 

The tertiary sands and marlstonc of Antipofka very much resemble the beds we 
have been considering as cretaceous, and though we had not time to make detailed 
researches, we have very little doubt, that a thorough exploration of the adjacent 
ravines will afford evidence of a passage from the white chalk, through a group of 
claystones, sands, &c., into true tertiary deposits, the lower portion of which have 
to a great extent the same mineral characters as the upper cretaceous. 

From sections, then, as well as from the general structure of large provinces, we 
are impressed with the belief, in a gradual mineralogical and stratigraphical trans- 
' We were of course led to Antipofka by the well-known description of Pallas. 

*2 0 


Riwer Volga. 
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ition between the secondary and tertiary rocks of Southern Russia, and we the 
more adhere to this view, because we never yet have seen an instance of the surface 
of the white chalk of Russia, or of any beds which we could call cretaceous, having been 
eroded as in Western Europe. On the contrary, at Volsk, Kursk and other places 
cited on the Donetz and the Don, the white chalk seemed to form a part — often 
indeed a central part — of a continuous series of sands and argillaceous strata to 
which it was subordinate ; and when in addition it is stated, that the lower tertiary 
fossils occur in beds of nearly a similar character, w'e think our inference is well 
sustained. 

But if their succession be truly indicated, there is still the greatest difficulty in 
assigning precise relative boundary-lines upon a map, to the cretaceous and tertiary 
deposits. Should our opinion be correct, that nature has not placed any clear 
barriers between them, such lines can be laid down only after many years of ela- 
borate survey. And even then, very extensive districts occupied by white and grey 
claystones and s*ands, with marls, in w’hich no fossils can be detected, must be 
subject to doubtful interpretation. In certain districts, it is true, the evidence is 
clearer. To the west of Simbirsk, near Drechetilof ka, for example, there are strata 
incumbent upon the chalk, in which M. Jasikoff has detected characteristic tertiary 
fossils. It would also appear that the so-called cretaceous strata near Sarktof are 
overlaid by patches of the same age, just as it has been shown, that the white chalk 
is surmounted by the shelly beds of Antipofka. To the south and west, however, 
of that place, in the tract extending by Tzaritzin to Sarepta, and in all the space in 
that latitude, between the Volga and the Don, the white chalk receding far to the 
west, we have great hesitation in asserting that the upper steppes between Sarepta 
and the Don, are truly tertiary, as represented on our Map'. We have, however, 
stated, that at Piattisbianskaya to the south of Golubinskaya and on the right bank 
of the Don, we met with escarpments of white, grey and green, minutely micaceous 
claystone, marlstone and sand.stone, &c., which we group with the chalk. The 
formation there occupies arid hills, 200 or 300 feet in height, which present a 

' That our readers, unacquainted with the vast distances which must be travelled over in Russia, may 
not think we omitted any means within our reach to arrive at sound conclusions in classification, we 
may state, that we were compelled to travel most rapidly (often day and night), and in excessively hot 
weather (August 1841), through these tracts of the Volga and the Don, in order to be able to reach and 
examine the steppes of the sea of Azof and the coal-field of the Donetz, before the bad weather of the 
autumn. In fact, being much hurried and compelled to view some districts with less accuracy than others, 
we naturally sacrificed the cretaceous and tertiary to the palaeozoic and carboniferous rocks, particularly 
as the Imperial Ooverament attached more importance to our report upon the latter. 
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Striking contrast to the wide and flat grassy steppes of the Kalmucks from which 
we emerged. * These rocks appeared to us to be identical in composition with 
those of the Volga, the Kalitva and the environs of Kursk. In truth they have 
been proved to be cretaceous, since M. le Play has detected the Pecten quinque-cos- 
tatus in their south-western prolongation'. , 

In concluding this brief and imperfect sketch of the Cretaceous deposits we 
may remark, that they have a very wide extension in Southern Russia (pro- 
bably more extensive than is indicated in our Map), notwithstanding the com- 
paratively small number of points where white chalk appears at the surface*. We 
would also further remind our readers, of the agreements and discrepancies which 
this system exhibits in different parts of its range, when compared with deposits of 
the same age in Western Europe. If examined in detail the Russian type differs, 
for the most patt considerably, in lithological distribution from that of England 
and Northern France. It agrees, however, with that of Southern France, of Ger- 
many and parts of Poland, in the pure chalk being less equably deposited in thick 
masses. Thus at Lugan, in the south of Russia, the chalk having a thickness of 
600 or 700 feet, possesses all the characters of the English and French white chalk, 
and contains some of its characteristic fossils ; whilst at Kursk, as w'e have shown, 
it is reduced to a band only seven feet thick, intercalated between greensand and 
ironsand beneath, and earthy marls and sands above, which, however, occasionally 
contain true cretaceous fossils. In this mineral arrangement we perceive, however, 
that sort of general parallelism between the beds deposited in Russia and those in 
Western Europe (particularly with those of Eastern Germany), which we ought to 
expect to find in strata of the same epoch, separated from each other by wide in- 
tervals, Some persons may conclude, that the greensand beneath the white chalk 
is the exact counterpart, though on a small scale, of beds which are fully developed 
in the British Isles and Hanover, viz. the ferruginous or upper strata of the lower 
greensand. Though we cannot affirm it, we would not reject this analogy, because 
the last researches of M. Jasikoff have shown the existence of variegated clays, in- 
ferior to the chalk properly so called, which contains an Ammonite of the upper 
part of the lower greensand (see note, p. 273). Additional detailed surveys may 
therefore, bring to light other lower greensand or Neocomian species in Russia 

* See Voyage dan* la Ruseie M^ridionale et la Crim^e sous la direction de M. A. Demidoff, par M. le Play. 

• The exact limits of the white chalk may indeed be easily defined by those who have the means of 
traversing the southern governments in various directions ; for in that country the superficial detritus is 
not very thick, the g^und is undulating and billy, and the peasants are invariably acquainted with the 
nearest points where the " meol” or chalk is found, with which they whitewash their houses and churches. 

2 o 2 
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proper, the more so as they have been found both on the northern flanks of the 
Caucasus and in theCrimsea, where the whole Cretaceous system, from the Neoco- 
mian to the upper chalk and from the latter to Nummulitic strata, with shells of 
tertiary age, has been fully described by M. Dubois* and M. Huot*. 

It has been stated by us, that we cannot truly recognize in the ascending order 
an upper greensand on which the white chalk rests. On the contrary, where we 
saw the white chalk thinning out amid other strata, the beds which most resemble 
the “ planer kalk ” of Germany or the malm rock of England, and which at Kursk 
contain Terebratulse and a Belemnite, lie above and not below it. These litholo- 
gical discrepancies are, however, no greater than those which exist in the distribu- 
tion of the different members of the system when followed from England to Eastern 
Germany, or from the north to the south of France, whilst the organic remains 
assure us, that all these deposits belong to one natural system. ' 

The distribution of certain types of animal life through varied and distant 
masses of inorganic matter, is doubtless of great geological interest, and compels us 
to be cautious in not attaching too much weight to mere details of mineral sequence. 
At the same time it appears, that mineral characters, under the limitations which 
we have endeavoured to define, are not to be neglected even in geological classi- 
fication ; for we have ascertained, that in the remotest regions of the Volga, green- 
sand, ironsand, chalk and chalk marl occur, in which the same group of fossils 
prevails, as in rocks of Britain and France which hold the same relative place in geo- 
logical succession ; and we have shown the extension, at intervals, of pure white 
chalk containing some characteristic organic remains, from the British Isles to the 
confines of Asia. 

Doubtless, therefore, these facts demonstrate, that during the cretaceous as in all 
the preceding geological epochs, there existed a most widely-spread diffusion of 
similar agencies which produced this general uniformity of result. 

> Consult the letters of M. Dubois de Montpereuxto M. Elie de Beaumont; Bull, de la Soc. Geol. de 
Prance, vol. viii. p. 371 ; and his Table, ib. p. 385. Also the great work of the same author. Voyage en 
Caucase, en Ann^nie, cn Crim6e, &c. ; and see particularly Serie V. and VI. pi. 13 and 14 ; where the 
Neocomian and chalk formations are given in detailed sections. The last eighteen plates of the fifth series 
offer a complete rdsum6 of the geological history of the Crirasa. 

* Voyage dans la Ilussie Mdridionale et la Criro^c sous la direction de M. A. Demidoff, vol. ii. p, 398 } 
Partie G^ologique de M. Huot. This author divides the Cretaceous system of the Crimwa into three 
stages, Neocomian, greensand and chalk, classing the overlying Nummulitic beds as tertiary, a point to 
which allusion will be made in the next chapter. 

N.B. Erratum. — For Inoceramus cruta galli, p. 266, read Ostrea crista galli, and for Frondicularia com- 
pianola, p. 273, re^ Ananchytes ovata. 



CHAPTER XIII. 

TERTIARY DEPOSITS. 


General Remarks on the Tertiary deposits of Northern Germany and their extension into 
Russia, — Division of the Tertiary rocks of Russia into three great zones : — Eocene, 
Miocene, and Aralo-Caspian. — Older Tertiary or Eocene deposits on the Dnieper 
and the Volga. — Miocene Oceanic deposits of South Poland, Podolia, Bessarabia, 
8fc. — Aralo-Caspian or brackish water Accumulations, and their enorinous Eastern 
range from the borders of the Black Sea and Sea of Azof, through the Crimcea to 
the shores of the Caspian and Aral Seas, and into the high plateaux of Khwarezm 
in Asia. — More recent desiccation of the Caspian in the Lower Steppes of the Volga 
and the Caucasus. — General Reflections on the Aralo-Caspian deposits and their 
desiccation at separate periods. — Raised Sea-Bottoms of the North of Russia in 
the Valleys of the Dwina and Petchora. — Conclusion of Part I, 


Having endeavoured in the preceding chapter to show how the cretaceous 
rocks of Russia are linked on to certain tertiary deposits, we now proceed to 
consider the latter. Their perfect description must, however, constitute at some 
future day, an important work by other geologists, which for vrant of data cannot 
yet be submitted to the public. We have already explained, that our first object 
in visiting Russia, was to point out with clearness the succession of her ancient 
or Palseozoic strata. If, in addition, we have been enabled to give general sketches 
of the Jurassic and Cretaceous systems, which in both cases are susceptible of 
countless improvements, still more must we plead our inability to do justice to the 
tertiary deposits, which are so widely spread out in the southern parts of the Russian 
empire, and of which we have ourselves examined some portions only. 

Even in those countries of Western Europe where the relative ages of each ter- 
tiary substratum are much better known, the task of fully describing them would 
be yet attended with many difficulties. Take, for example, the tertiary series of 
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the North of France, and endeavour to apply it to the southern tracts of that 
country, — try to register along the flanks of the Pyrenees the equivalents of the 
lower beds of the basin of Paris, and many of the best geologists will still be found 
at issue. In England, it is true, a close parallel was long ago established between 
the calcaire grossier and the London clay ; but how long a period elapsed before 
the overlying mammiferous beds of the Isle of Wight were put into exact compa- 
rison with the gypsum beds of Paris ! How much reasoning upon the distribution 
of animals in contemporaneous basins was employed before theFaluns of the Loire 
and the Crag of England were proved to be of similar age' ! If such be the case 
in countries where this class of deposits has been well studied, we need scarcely 
say, that in the present state of our knowledge of Russia, it would be idle to draw 
too closely the terms of comparison between her tertiary deposits and their equi- 
valents in Western Europe. Even in extending our view from the British Isles to 
Eastern Germany, we are arrested midway by unanswered difliculties. Thus, the 
characters of the vfery numerous fossil contents of the great tertiary basin of Mayence 
have recently led us to infer, that some of its lowest beds, consisting of sand 
with brown coal and lignite, may represent the plastic clays of the Paris and Lon- 
don basins, because the shells in the overlying sands, if not absolutely the same 
as certain forms of the calcaire grossier, have among them, at all events, very few 
species indeed, approaching to those of existing nature ; whilst the numerous ver- 
tebrata in the upper beds of the same deposit are considered to be analogous to 
those of the gypseous strata of Paris, which are classed in the Eocene group*. 

If this view be sustained, it may have a great influence in determining the age 
of the adjacent fields of brown coal which cover such wide areas in Prussia and 
Northern Germany. Clear fossil evidences are, however, still wanting in regard to 
these deposits. Mineralogically, and in general structure, like the lowest beds of 
Mayence, they present strong analogies to the plastic clays and sands of England 
and France. M. v. Buch has, indeed, stated, on the authority of Count Munster, 

* See Lyell on the Faluiis of the Loire. Proc. Geol. Soc. vol, iii, p, 437. 

* This view of the age of the basin of Mayence is drawn from the researches of M. Herman V. Meyer, 
M, Kaup and Prof. A. Braun. M. v. Meyer is of opinion, that the very numerous and peculiar vertebrata 
of this basin, whether described by himself or M. Kaup, may be compared with those of the gypsum beds 
of the Paris basin. They are, therefore, of the same age as the Anoplotheria beds of the Isle of Wight. 
Prof. A. Braun having classified and determined the very numerous shells, has found that a very small 
percentage can be referred to existing nature. See Memoir by Mr. Murchison, Trans, of the Brit. Assoc., 
Anno 1843. 
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that certain shells which occur in strata nearMecklenburgh, above the brown coal, 
maybe referred to the calcaire grossier. On the whole, therefore, we are disposed 
to believe, that a large portion of Northern Germany and Poland is covered by 
strata of the same age as those which are considered Eocene in the basin of Mayence. 
The western portion of our Map is coloured upon this principle (No. 8). 

In relation to Russia, there seems to be no doubt that strata of the older tertiary 
age range up to the city of Kief on the Dnieper, where one of us has observed 
them. Thence, if not continuously prolonged to the east, upon the Dnieper they 
reappear at Butschak, lower down the same river, where they were detected by 
M. Dubois' ; and in the environs of Simbirsk they have been noticed by M. Jasi* 
koff. By our own observations we show the presence of fossiliferous deposits of like 
age upon the Lower Volga, and thus, it is clear, that the oldest tertiary deposits 
strictly so tended, do exist in Russia, though their exact boundaries and limits 
have yet to be defined. 

Of the existence of Miocene deposits (No. 9.) there are also abundant examples, 
in broad horizontal expanses of limestones, marls and sands, which ranging from 
the upper part of the valley of the Vistula on the west, spread out in vast sheets 
over the governments of Volhynia, Podolia, and Bessarabia, to near the western 
shores of the Black Sea and the low country north of Odessa, where they subside 
beneath other deposits of a younger age. With the detailed relations of such masses 
throughout the greater part of this low region, our acquaintance is chiefly limited, 
to the southern districts of Poland on the west, and to the neighbourhood of Odessa 
and the edges of the Black Sea and Sea of Azof on the east, including parts of 
the Crimaea. 

A glance at the Map will show the general line of separation between the older 
tertiary (No. 8.) and the miocene deposits (No. 9.). In Poland they are divided 
by an axis of ancient rocks, chiefly Devonian, which ranges from west-north-west 
to east-south- east in the environs of Kielce ; in Podolia and Volhynia by the gra- 
nitic steppe, and still further to the east by the coal-field of the Donetz. Agreeing 
with M. Dubois de Montp^reux, who has pointed out the distinctions in Volhynia 
and Podolia, between these two great tertiary zones, we regret that it has not been in 
our power to lay down their exact geographical limits throughout their entire range. 
We simply propose to indicate natural groups, the exact boundaries of which can 

> See a letter of M. v. Buch, Bulletin de la Soc. G6oL de France, vol. vii. p. 157 ; and Neues Jahrbuch 
▼on Leonh., &c. 1836, p. 359. 
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be defined only by numerous competent observers. If in the table of superposition 
(and in the Map), we have endeavoured to separate the miocene (No. 9.) from 
another group, Pliocene ?, which we term Aralo-Caspian (No. 10.), we must beg 
our readers to understand, that in a few districts over which the colour of the 
younger deposit is extended, the older beds are also present in the same natural 
sections. This point will be explained in the sequel, when we come to separate 
the deposits of oceanic character from those named Aralo-Caspian, which cover 
such immense tracts in Asia. 

With these prefatory remarks, we may now say a few words upon each of these 
Russian accumulations. 

I. Eocene or older Tertiary (No. 8. of Map). -^Sections have already been cited, 
in which beds equivalent to the calcaire grossier and London clay, are seen in 
connexion with strata which we refer to the ui)per part of the Crethceous system. 
Amid vast spaces of Russia as yet little explored by geologists, there is every reason 
to hope, that notwithstanding the sujjerficial detritus which obscures the rocks, and 
the small comparative elevation of the land, other sections will yet be found, to 
show more completely, both the order of superposition and the sequence of organic 
life, and to indicate the existence in these undisturbed regions, of a passage from 
the cretaceous to the tertiary system. 

In the Crimaea, indeed, and particularly near its southern shores, where the rocks 
are much more elevated and clearly exposed, the first beds in natural ascending 
order above the white chalk, are those which contain Nummulites, with Ostrea 
latissima, and a gigantic Cerithium : they are classed by M. Dubois with the Creta- 
ceous system, but, according to M. Huot and other geologists, are included in the 
tertiary series. These intermediate beds are, it is believed, of the same age as 
certain strata along the northern flanks of the Pyrenees, the relative antiquity of 
which has recently undergone much discussion ; MM. Dufrenoy and E. de Beau- 
mont claiming them as appanages of the chalk, because they have undergone some 
of the great elevatory movements by which that deposit was afifected, whilst their 
opponents contend, that as they contain some of th 3 characteristic fossils of the lower 
tertiary beds of the basin of Paris, they must be classed with that formation. As one 
of us only has some personal acquaintance with the Crimsea, we do not consider 
this a fit occasion to enter much into a controversy, which cannot be determined 
without a very circumstantial appeal to facts and fossils. Reference will, however, 
be again made to this subject, and a thin band is left in the table appended to the 
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Map, to show, that such Nummulite rocks occur in the Crimsea, where they were 
first described by one of us, subsequently by M. Dubois*, and also by M. Huot, 
though we are ignorant of their existence in the continent of Russia. 

Let us pass then to the consideration of beds which every one will admit to be 
of tertiary age. We regret that in travelling through the northern part of Poland 
we had not time to make adequate researches among the tertiary rocks which lie 
between the Prussian frontier and Warsaw, where deposits of brown coal and clay 
are associated with white calcareous claystones (Kolin to Kold), in which we 
observed casts of Pectens and other shells. There can, indeed, be little doubt, 
that the accumulations of this zone, often highly argillaceous, are connected with 
the tertiary deposits of the Russian frontier upon the same parallel of latitude, 
which, occurring in the environs of Grodno and around the marshes of Pinsk, 
extend to Kief and to the south-east of that city. In the tract between Grodno 
and Kremenetz they have been described by M. Eichwald*, as plastic clays and 
sands with brown coal, and beds with freshwater shells, which immediately sur- 
mounting the white chalk, are succeeded by shelly limestones. 

The banks of the river Styr near Lutsk, and of the Goryn, offer numerous ex- 
amples of these beds. M. Eichwald compares them with the plastic clays and 
sands of the Paris basin, but as he gives no specific names to the organic remains, 
we must pass at once to the adjacent country around Kief, where clear evidences 
have been observed. 

In and about the city of Kief itself, clays, sandstone and shelly bands, which 
have been described by Professor Hoffmann ®, are characterized by a Cerithium 
closely allied to the C. giganteum, and an Ostrea which we cannot distinguish from 
the 0. calUfera (Goldf.), and hence we are led to believe, that they belong to the 
older tertiary age. 

This inference is, indeed, completely sustained by tbe contents of similar strata 
at the adjacent place of Butschak on the river Dnieper, where M. Dubois collected 
many shells which have been accurately determined by M. v. Buch, according to the 
following list which the latter has kindly communicated to us. 

' See Voyage au Caucase, en Arm^nie, en Crimee, etc., voL v. ; aud Series v. of Illustrations, pi. 14. 
Also Voyage dans la Russie M6rid. et la Crim6e, vol. ii. ; and M^moire sur la Crim6e, par M. de Vemeuil, 
M6m. de la Soc. 0£ol. de France, toI. iii. p. 17-25. 

* Naturhistofische Skizze von Lithauen, Volhynien und Podolien. Wilna, 1830. 

* We have not with us whilst we write the publication of M. Hoffmann. The Kief section was, how* 
ever, examined by one of our own party, Count Keyserling. 
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FobbUs of Batschak on the Dnieper, in the Government of Kief, collected by 
M. Dubois and named by M. von Buch. 


1. Terebellum Aistforme (GrigDon). L.C.* 

2 . Casaidaria carinata (Grignon). L.C. 

3. Buccinum stromboide (Grignon). 

4 . — Desnoyersi. Bast. sp. Bordeaux, Tourainc. 

5. - ■ reticulatum. Bordeaux, Gallicia. 

6. Rostellaria fissurella. Paris Basin and L.C. 

7. Tritonium p)Ta8ter (Grignon). 

8. Pynila clathrata s. condita. Dax, Cassel. 

p, lievigata. Paris Basin, L.C. 

10. Fusus Burdigalensis,— a vmety of the F. da- 

vellata of Grignon. 

11. funiculosus (Grignon). 

12. CerithiuraLima(De8h.). Paris, Podolia^ also 

living in the Mediterranean and N. Atlantic. 
1.3. Turritella imbricataria. Paris Basin, L.C. 

14. Trochus agglutinans (the angle of the carina is 

very sharp). » Paris Basin. 

15 . monilifer. Paris Basin, L.C. 

16 . striatus (Gmelin). Touraine, Sicily, also 

living in the British and Mediterranean Seas. 


17. Solarium plicatum. Paris Basm, L.C. 

18. Voluta costaria (Grignon). 

19. Natica epiglottina. Paris Basin, L.C, 

20. Fissurella neglecta. Touraine, Italy, also living 

in the Mediterranean. 

21. Calyptiwa trochiformis (Grignon). L.C. 

22. Bulla cylindrica (Grignon). L.C. 

23. Pectunculus pulvinatus. L.C. and Paris Basin. 

24. Area barbatula. Paris Basin. 

25. Lucina radula (Lam.). Exists in the British seas. 

26. Crassatella compressa ? Paris. 

27. Psammobia muricata, et parvensis, — varieties of 

the same species (Dubois). 

28. Corbis lamellosa. Paris Basin. 

29- Corbula nucleus (Lam.). Italy, Sicily, Mediterra- 
nean and British Seas. 

30. Venericardia elegans (Grignon). 

31. Cardium oblongum Gmel. vel sulcatum (Lam.). 

Fossil in Italy, living in Mediterranean. 

32. semigranulatum. Paris Basin, L.C. 


This group, adds M. von Buch, differs essentially from the shelly beds spread 
out over Podolia, particularly those of Bielazurska, all of which correspond with 
the Sub-Apennine formations of Brocchi in Italy. 

The determinations and inference of M, von Buch are of high value when coupled 
with the general description of the region by M. Dubois. The latter has assured us, 
that nothing can be more dissimilar in lithological aspect than the tertiary forma- 
tions which lie respectively to the north and south of the great granitic plateau of 
Volhynia and Podolia ; the northern zone being in general siliceous and talcose 
with clay, the southern eminently calcareous. “ This difference,” adds M. Du- 
bois, “ drawn from lithological characters, is still more striking as based upon the 
fossils. According to my view, it is an ascertained fact, that the tertiary rocks of 
the Ukraine and of the banks of the Dnieper (upper part) are analogous to those of 
the basin of Paris, or what is termed the lower tertiary stage ; whilst that of Gallicia 
(Poland), Podolia, Volhynia, &c. is of the age of the Sub-Apennine regions, or 
of the middle tertiary epoch,” (Letter to Mr. Murchison, 1843.) 


' The letters L.C. indicate that the rpecies occurs also in the London clay. Many of these shells were 
named by M. von Buch at an earlier period. See Bull, de Soc, Gfol. de France, vol.vii. p. 157. 

See Neues Jahrbuch, 1836, p. 83, and Karsteu’s Archiv, vol. vii. p. 311. Schneider’s Journey in 
Yolbynia and Podolia. 



OLDER TERTIARY ROCKS ON THE VOLGA. 


287 


The researches of M. Dubois have thus given us a clear line of demarcation 
between the older and middle tertiaries in respect to those regions which he has 
traversed. 

Though unable to continue with accuracy the comparison, from the western 
provinces described by M. Dubois, through the Ukraine, we may say from personal 
knowledge, that the same contrast exists between these northern and southern 
tertiary zones at the western and eastern extremities of the great region under 
consideration. At the western end, we have observed the siliceous and argilla* 
ceous tertiaries of the plains of Poland to be strikingly different from the calcareous 
shelly strata to the south of the axis of the Palaeozoic rocks around Kielce (see 
Map). Again, far to the south-east, where we have no longer an intermediate 
granitic plateau, and where we may consider the great coal region of the Donetz 
to be the barrier of separation, all the younger deposits to the north of it are 
sandy and argillaceous, whilst those of the high steppe to the south are eminently 
calcareous. Here, however, geological distinctions, founded upofl fossil evidences, 
are still wanting, for in the northern zone no naturalist has supplied them, and it 
was only in a country much further to the east, viz. upon the Volga, below Sarktof, 
that we obtained proofs of tlie existence of an older tertiary formation as rigidly 
determined by its organic remains. 

Unacquainted personally with any shelly tertiary deposits in the vast region lying 
between Butscbak upon the west and the Volga on the east, we cannot pretend to 
draw the line of separation, except by general mineral characters, and we will now 
terminate our brief sketch of the older tertiary beds of Russia with an allusion to 
certain deposits in the neighbourhood of Simbirsk, and a description of the shelly 
strata at Antipofka on the Volga. 

For an acquaintance with deposits of this age near Simbirsk we are entirely in- 
debted to M. Jasikoff, who states, that throughout a great portion of the govern- 
ment of that name, the white chalk is covered by siliceous clays and argillaceous 
sandstones, which are surmounted by sandstones, grits and quartzose sands, the 
whole having a thickness of about 1 50 feet. In the lower or argillaceous portion 
of these deposits M. Jasikoff cites one or two known Eocene fossils, such as 'Turri- 
tella tm&rtcafana (Lam.) , Nucula comfa (Goldf.), and 'Turbinolia elliptica (Brongn.), 
with new species of Nucula, Ostrea, Pholadomya, &c. The overlying sands and 
sandstones contain Pectunculus pulvinatus, with Cythereae and Dentalium, and much 
silicified wood, often bored through by cylindrical bodies (Pholades?). 

2 p 2 
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AtUipofka near Sardiof on the Lower Volga. — The lowest beds of the tertiary 
rocks containing fossils in the east of Russia, with which we are personally ac- 
quainted, occur at intervals along the right bank of the Volga, below the city of 
Sarhtof, and notably at the large village of Antipofka, where they were formerly 
noticed by Pallas as constituting a “ conglomerate of shells.” From the descrip- 
tion of that author, we were disposed, on approaching the spot, to think, that 
these shelly beds, forming as they do the western edge of the low steppes of 
the Kirghis, would prove to be of very recent age, and represent simply the 
consolidated shingle and shells of a former Caspian Sea which advanced to this 
boundary, but examination soon taught us that their organic remains belong to 
the oldest tertiary period. At the base of the low cliffs on which Antipofka 
stands, or rather protruding through a talus of sand exposed in summer by the 
subsidence of the Volga to its lowest level (forty feet below the high watermark of 
spring floods), the beds most abundant in fossils are distinguished by a number of 
large concretions from six to eight feet long and four and five feet thick ; marking 
strata perfectly horizontal, which are made up of a profusion of shells, cemented 
in a gray sandy marlstone. The accompanying woodcut explains the succession. 
These shelly beds (o) are overlaid by yellowish iron-shot and whitish sands (6), 
with bands of compact, dark-coloured chert, from eight inches to one foot thick. 
Some of the alternating courses consist of greensand, others are made up of a 
devious net-work of siliceous, tubular forms which cross each other, and in some 
of the softer sandy layers are casts of shells. The low cliff terminates in ascend- 
ing order in beds of light blue marl passing into beds of sand (c), which in many 
parts are surmounted by drift and local detritus (a?). 


LONGITUDINAL DETAILED SECTION AT ANTIPOFKA. 

Antipofka. 


44 . 



Level the Volga. 

Hoiixontal distance 3 to 3 versts* 

X. Drift of finely laminated clay and sand of brown colour, and with no foreign detritus. Bones of Mammoth, Bos and Rhinoceros 
in this deposit in the low steppes on the opposite bank of the Volga. 

Siliceous sands with irregular concretions. 

Bluish-gray marly beds, in parts sandy, with casts of shells. 

^ i.<(* Large ellipsoidal concretions of sandy calcareous grit subordinate to day and sand, with Eocene fossils (Bognor and London clay). 




Among the fossils we collected are OumlUea decuesata (Sow'.), Pectuncuhs bre- 
virostris (Sow.), Venericardia planieoeta (Sow.), V. (n.s.), Ccdyptraa trochu 
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fottnis (LAni.)i CrassatelUi sulcata (Sow.), Turritella edita (Sow.), together witli 
several unpufeliahed forms of Venericardia, Lucina, Venus, &c. 

In citing these species, we should not have relied upon our own powers of iden- 
tifying fossil shells from a distant part of Russia with forms well known in England, 
had we not been supported by Mr. James Sowerby, who is intimately acquainted 
with the fossils of the London clay, and who, in addition to those which he recognises 
as decidedly the same species published in his ‘ Mineral Conchology,’ has assured 
us, that an unpublished Venericardia which we brought from Antipofka, occurs at 
Barton in the Hampshire clitFs. We may add to this zoological evidence, that 
there is a remarkable lithological agreement between the Russian and English beds, 
for in their concretionary nature and matrix, these shelly beds of Antipofka are 
really undistinguishable from the masses of the Bognor rocks in which the very same 
shells occur. 

We have previously expressed an opinion (see p. 276 and woodcut) respecting 
the relations of these lower tertiary beds to the chalk and cretacdous strata in their 
immediate vicinity. We repeat our belief, that the shelly beds of Antipofka 
are connected with the white chalk in the manner represented in that woodcut, 
viz. by sands and grits which occupying an intermediary place, may in their 
lower members be classed with the cretaceous rocks, whilst their upper parts gra- 
duate into the lower tertiary rocks under consideration. A great portion, therefore, 
of the sandstones, which are exhibited in the cliffs of the Volga below Antipofka, and 
extending by Tzaritzin to Sarepta, are probably of the older tertiary period. 

It is also well to observe, that the inferences we have drawn from the structure 
of this part of Russia, of a passage from the Cretaceous to the Tertiary system 
(p. 276 et seq.), appear to be sustained by the independent testimony of M. Du- 
bois and of M. Huot', concerning the succession, structure and contents of the 
upper secondary and lower tertiary rocks of the Crimaea, though neither of 
these authors seem to be of our opinion concerning a passage or transition, 
which, indeed, we suggested long ago in reference to that tract'. They state, 
however, that in a tract full of dislocations, cretaceous rocks having a peculiar 
mineral character, are conformably overlaid by a series of beds charged with Num- 
mulites and other shells, which, by M. Dubois, are grouped with the chalk ; by 

' Voyage en Caucase, cn Armlnie, la Crim^e, etc., par F. Dubois, vol. v. and Voyage dans la Russie 
Mdridionale et la Grimde sous la direction de M. A. Demidoff, par M. Huot, vol. ii. 1 he first of these autliors 
has ascertained the existence of true Eocene (Paris and London) shells in the tertiary basin of Akbalt- 
sikhd in Armenia 1 See Von Buch, Bull, de la Soc. GdoL de France, voL vii. p. 157. 

* See Mfim. de la Soc. Gfiol. de France, vol. iii. p. 25. 
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M. Huot, with the tertiary. On the one hand, besides Nnmmulites, these beds con> 
tain, according to MM. Dubois and Huot, the Spondylus striatus (Goldf.), Podop- 
8i$ id. (Brongn.), a cretaceous shell, and a Terebratula, very closely approaching to 
T. camea of the chalk ; and on the other, many species of shells absolutely identical 
with well-known fossils of the Paris and London basins, viz. Ostrea latisaima (Desh.), 
{0. giyantea, Brander), Cerithium giganteum, Tkrritella imbricataria, Ovula tubercu- 
losa, Cardium porulosum. Valuta luctator, Ampullaria crassatina, &c. Seeing this as- 
semblage of fossils, we cannot but agree with M. Huot, that these Crimsean beds must 
be classed as tertiary. On the whole, we consider their uppermost portion to be 
of the same age as our shelly sands of Antipofka, whilst the lower beds seem most 
clearly to indicate a passage between the so-called secondary and tertiary rocks. 

II. Middle Tertiary Rocks {Miocene, Sfc.). — We have said that deposits of lime- 
stone, sand and marl, charged with sea-shells, are largely spread over the southern 
tracts of Russia, and that some of them have been compared by M. v. Buch with 
the Sub- Apennine 'strata of Italy. The latter constitute, in fact, the great accumu- 
lations of Podolia and Volhynia, explored by MM. Eichwald and Dubois, whence 
they extend into the southern parts of Poland on the west, and are prolonged into 
Moldavia, Bessarabia, and New Russia on the south and east. 

Salt Deposits of Wieliczka. — ^Judging from their position on the flanks of the 
outer or lower Carpathian chain, and from their passing under the sands and shelly 
beds which we are about to describe, we think that the saliferous deposits extending 
along the outer edge of the Carpathians, from Wieliczka to Bochnia and Stara-sol, 
constitute the lowest stage of this group. In a work devoted to the geology of Russia, 
it does not perhaps strictly fall within our province to treat of these saliferous depo- 
sits ; for they are all included within the Austrian dominions ; but as from their con- 
tiguity to the Russian frontier they are noted upon our Map, and as we examined 
them in situ, in order to place them in relation with the adjacent shelly tertiary de- 
posits of Poland and Russia, we may be permitted to express our own opinions con- 
cerning them ; particularly as the fact of their thinning out to the north must be 
considered of some practical importance. So long as the presence of rock-salt was 
supposed to be an indication of the age of the strata in which it occurs, the saliferous 
strata of Wieliczka were grouped with formations of much higher antiquity, in which 
that mineral most abounds (New Red Sandstone, &c.), but the discovery of certain 
shells in the matrix of the salt of Wieliczka has, for some years, led geologists to 
consider the deposit as of tertiary epoch, though its exact place in the series has 
not been determined. A perfectly correct view can, however, now be taken, both 
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from the character of the shells, and from the fact, that the saliferous strata gra- 
duate into and form part of the tertiary deposits of the Upper Vistula, of the age 
of which there can be no doubt. We indeed convinced ourselves upon the spot, 
that these masses of salt, worked at great depths beneath the surface, are simply 
great concretions, subordinate to thick masses of clay, which have been accumu- 
lated along the external edge of the younger secondary rocks (Grdsdes Carpathes), 
and formed subsequently to the elevation of the Carpathian chain. In tracing their 
outlines in the extensive subterranean works of Wieliczka, it has been ascertained, 
that these masses of salt (which are of great diameter near the principal shafts) range 
from west and by north to east and by south. They constitute, in fact, a narrow 
band only, which runs out in thin courses or strings towards the north, where it is 
surmounted by and inosculates with the shelly sands upon the banks of the Vistula. 

A general idba of these saline concretions and their relations to the older rocks 
upon the south, as well as to the tertiary shelly sands upon the north, is sufficiently 
explained by the accompanying transverse section. 

45 . 


N. Plain of the Vistula. TVieUrzka S. 



Tertiary sands and marls. Salt concretions, subordinate to Carpathian sandstone. 

tertiary clay with shells. 


But whilst the salt I'orins, as here represented, dome-shaped concretions which are 
lost in short spaces when followed to the north or south, it is more or less continuous 
in ellipsoidal masses for many leagues in a direction from west by north to east by 
south. In other words, the salt, by whatever cause produced, has been formed along 
an ancient coast of the Carpathian mountains, the lower hills of which, consisting 
of greensand (Grds des Carpathes), advance and form their southern boundary. 

Among the shells of Wieliczka the Nucula comta (Goldf.) is abundant, and is asso- 
ciated withMilliolites and other very minute forms with which we are not acquainted, 
as well as with teeth of fishes and fossil wood. Again, the Ringicula buednea (Desh.) 
was pointed out to us by Professor Zeuschner in the very body of the salt >, and as 
this shell occurs in profusion in the adjacent sands of the Vistula, deposits to which 
we shall presently allude, there can be no doubt that the salt of Wieliczka is not only 

* Professor Zeuschner having sent a mass of rock-salt with shells in it to Professor Philippi, the latter 
dissolving the matrix discovered in the residue forty species of animal remains ! viz. 5 Zoophytes, 14 Po- 
lythalamte, 1 Echinus, 1 Serpula, 7 Conchifers, 8 Univalves, and 3 Crustaceans. Neues Jahrbuch, 
Leonhardt and Broun, 1843, p. 568. Professor Philippi identifies a Cerithium with the C. Lima (Brug.) 
now living in the Mediterranean. . 



292 


MIOCENE SHELLS AT KORINITZA. 


of miocene age, but perhaps even of the upper portion of the Suh-Apennine group, 
as the Bingicula buccinea which it contains is a pliocene and recent as well as a 
miocene species. More accurate comparisons may indeed prove these salt de- 
posits to have been formed at precisely the same period as the upper blue marls of 
Savona and other parts of Italy. 

Shelly Sands of the Upper Vistula and its Tributaries, Korinitza, Sfc. — We did not 
trace in detail the various beds containing tertiary shells which occur at intervals 
upon or near to the banks of the Vistula below Cracow, where they form low hills, 
for the most part composed of sandy and incoherent strata. Guided by Professor 
Zeuschner, we at once repaired to a good and well-known shelly locality called 
Korinitza on the Nida, a tributary of the Vistula. Here we observed that the sands 
are more calcareous, passing occasionally into cream-coloured sandy limestone, 
which seemed to rest upon marls and clays. There are, however, fetv good vertical 
sections of these slightly coherent and irregularly distributed masses, which rise on 
the whole to heights of 150 to 200 feet above the adjacent river Nida, reposing 
upon Jurassic strata of white limestone, which is loaded with fossils. The tertiary 
shells lie about in profusion on tbe surface of the arable land, and are also found in 
calcareous marlstones and sands in small ravines to the north and west of the little 
village. 

Though we might at once satisfy our readers concerning the age of these ter- 
tiary shells by referring them to the works of Pusch', in which some of the species 
are published, we think it desirable to confirm and extend his authority by annex- 
ing the following list of the shells we procured upon the spot ; in naming which we 
have had the assistance of M. Deshayes and Mr. Morris. 


Shells found at Korinitza in Poland. 

Natica glaucina, Linn, 

— olla, Mar. de Serres 

Turritella Archimedis, Brong. t. 2, f. 8 

— turris. Bust. 1. 1 . f. 11 

Ancillaria conoidea, Desk. Ency. Mcth. p. 44. No. 8 

A. coniformis, Pusch, t. 11. f. l 

Ringicula buccinea 

Voluta magorum, Brocchi, Pusch, 1. 1 1 . f. 2 
Buccinum obliquatum, Dubois 


— reticulatum, Brocchi 

— reticulatum, Dubois (non Brocchi nec Linn.) 


Other Localities. 

Vienna, Bordeaux, Volhynia. 

Bordeaux, Italy, Perpignan, living in the Me- 
diterranean. 

Bordeaux, Vienna, Volhynia. 

Bordeaux. 

j- Vienna, Touraine. 

Vienna, Bordeaux, also living. 

Vienna, Sub-Apennines. 

Volhynia. 

r Vienna,Sub* Apennines, living in the Northern 
t and Mediterranean Seas. 

.. Volhynia. 


' Polen’s Palaeontologie. Warsaw. 1837 . 
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Smus wovkd at Kobinitza in Poland. Otbkb Localitibs. 

BoccinimsemwtriBtnm.BroccAi / Vienna. Sub-Apennines. English crag. Si- 

\ cLlian beds. Still living in Mediterranean. 

— coetulataUp BroccM Vienna, Sub- Apennines. 

^ serratum, Brocchi, t. 6. f.4 Sub- Apennines. 

Nassa columboides. Bast, t. 2. f. 6 Bordeaux, Vienna, 

Cassis texta. Brown, Dubois, 1 . 1 . f.4, 5 Vienna, Volhynia? 

— Italica, Desh, (Bucc. Ital. Brocchi) Sub- Apennines. 

Rostellaria pes-carbonis, Brong. t. 4. f. 2 Vienna, Bordeaux, Volhynia. 

Cancellaria varicosa, Brocchi Vienna, Sub-Apennines. 

— uniangulata. Desk, Encycl. Method, p. 181. No. 5. ... Asti. 

— mitrseformis, Andreiofiky, Bull, de Moscou Volhynia. 

Murex spinicosta, Brug,, M. triacanthus, Linn,, Pusch, ^ 




— plicatus, B%'occhi 

Triton aflinis. Desk 

Ranella marginata, Linn 

Fusus Stutzii, Partach 

Zahlbruckneri, Partach, 

Fasciolaria Polonica, Pusch, t. 12. f. 2 
Pleurotoroa tuberculosa. Boat. t. 3. f. 11 

— interrupta, Brocchi 

Pyrula rusticola. Boat, t. 7. f. 9 

Cerithium aleucoides, Brocchi 

Cytherea multilamella, Lam 

Area diluvii, Lam 


Sub-Apennines. 

Morea. 

Vienna, Bordeaux. 

Vienna. 

Vienna. 

Vienna. , 

Vienna, Bordeaux. 

Sub -Apennines. 

Bordeaux, Vienna. 

Vienna. 

Vienna, Rome. 

Vienna, Bordeaux, Volhynia, Touraine, 


In addition to these thirty-three species, all well known in other parts of Europe, 
one or two forms only of our collection, including a Natica, seem to have been 
undescribed, and the list therefore most clearly establirhes, that the tertiary accu- 
mulations of the Upper Vistula, Wieliczka, &c., which range along the northern 
flanks of the Carpathians, are of miocene age, and perfectly analogous to certain 
deposits of the Sub-Apennines in Italy and the basins of Vienna and Bordeaux. 

Miocene Deposits in Southern Russia . — Strata similar to these just mentioned, 
and containing a similar group of fossils, extend through Volhynia, Podolia, &c., 
where they have been described by MM. Eichwald, Dubois, and other geologists, 
and have more recently been observed by M. Hommaire de Hell in Bessarabia. 
M. Dubois, however, was the first author who showed, by the publication of his 
work* upon the fossil conchology of the plateau of Volhynia and Podolia, accom- 
panied by illustrative plates, that this great mass of shelly deposits was the equi- 
valent of the beds of the Sub-Apennines and of Bordeaux. In sustaining this 
view by the examination of adjacent and similar strata in Poland and along the 

* Conchiologie Fossile du Plateau Wolhyni-Podolien. Berlin, 1831. 

•2q 
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northern shores of the Sea of Azof, we would also extend the parallel to the ba> 
sins of Vienna and Hungary. 

M. Dubois divides his tertiary deposits into four stages in the following ascending order. 1. Clay and plastic 
clay. 2. Marine sand and sandstone. 3. Oolite and Cerithium limestone. 4. Serpuline limestone, with marine 
calcaire grosier, lignites and freshwater limestone being occasionally associated. Of these bands the sandybeds 
No. 2 appear to be in that region by far the richest in organic remains ; since out of 110 species of shells which 
he describes, ninety -two are found in them, among which are many of those which we have cited from Korinitza 
in Poland. From M. Dubois's description, we are strengthened in our belief, that the oolite is merely a dependent 
member of the same group ; for although it contains Cerithii and species which he did not detect in the under- 
lying sands, it is evident, that it is a continuation of the same marine series. 

The fourth member above mentioned, Serpuline limestone and marine calcaire grossier, is called by M. Dubois 
a quaternary formation. As he shows that this is clearly an overlying deposit, occasionally of great thickness, 
and as it contains Cardium lithopodoUeum, with Mytili and other forms closely approaching to those of the 
Black Sea, it is probably of true pliocene age, and ought in any detailed work to be separated from the miocene 
rocks under consideration. In our general Map, however, we group together such tertiary deposits, whether 
miocene or pliocene, so long as the oceanic character prevails in each of them. < 

To beds of probably the same age as the upper marine division of M. Dubois, 
we shall hereafter allude, in mentioning certain deposits of the Crimsea and of 
Bessarabia. 

In the Museum of Warsaw many specimens were pointed out to us by Pro- 
fessor Yarocki, from various localities in Podolia, which served to convince us, 
that all the tertiary deposits of that region are of the same age as those of the 
Vistula and the Nida. Many of these shells occur in the tract between Yampol 
and Vienitza, at Machnufka, &c. They lie for the most part in earthy greensand, 
and have often preserved their colours like recent specimens •. 

The oolite of this age often becomes, as in Lower Styria*, a fine-grained mass, 
lithologically undistinguishable from English and French varieties of the great 
oolite of Jurassic age. Our former description of this rock in Styria, written thir- 
teen years ago, may, indeed, serve to explain its nature in the south of Russia. 
“ Some of the spherules are hollow, but others are arranged about grains of semi- 
crystalline calcareous matter, or particles of sand. The beds of true oolite are 
overlaid by irregular concretionaiy masses, partly oolitic, which alternate with 
unctuous sandy marl. Some of these concretions are amorphous ; some assume 

’ According to Professor Yarocki, these fossils were chiefly collected by the Polish naturalists who 
assisted Professor Eichwald in his survey of Volhynia and Podolia ; M. Zborzewski a fossilist, and M. 
Andrzejowski a zoologist. In mineralogy and botany, Professor Eichwald was assisted by MM. Jako- 
wicki, Gorski and Zienowicz. 

^ Geological Transactions, vol. iii. p. et 
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contorted tabular forms ; others are finely laminated.” Like the tertiary oolites 
of Styria and Hungary,— which from a profusion of fossils we then showed to be- 
long to the upper tertiary group of Austria, so are those of Bessarabia and Southern 
Russia, simply an eastern prolongation of deposits formed at the very same 
period, and in a sea which must then have had a very wide diffusion. In Styria 
and Hungary these oolites inosculate with calcareous sands, clays and marls through 
thicknesses of several hundred feet ; but there volcanic action has been rife, and 
the strata have been heaved up and clearly exposed, whilst in the undisturbed 
plains of Russia we can scarcely surmise what their vertical thickness may be, 
judging from a few partial sections only on the banks of the chief rivers. 

M. Hommaire de Hell, a French engineer, has shown us specimens from Kichenef 
in Bessarabia, which are identical with those of Yampol in Podolia, or of Poppendorf 
and Radkersbefg in Lower Styria, and we know that similar tertiary rocks extend to 
Taganrog and even into other tracts beyond the region of our own researches. We 
do not pretend to say that this peculiar rock occupies a well-ddfined place in the 
tertiary series. Indeed we are disposed to think, that like the oolitic masses in 
the secondary rocks, which in some places are of great vertical dimensions, and in 
others disappear, this oolite occurs in concretions only, expanding and contract- 
ing within certain horizontal distances ; but we are convinced, that wherever it 
has been observed, whether in Austria, Hungary, or Russia, it is included in de- 
posits which belong to the miocene group, sometimes the upper part. 

On the Dniester in Podolia the teitiary strata in question repose at once (ac- 
cording to M. Hommaire) upon the older or palseozoic rocks, and are covered hy 
gypsum. Major Blode, as we understood him, seems, on the contrary, to connect 
the gypsum of those regions with the chalk rather than with the tertiary deposits, 
and this also is the view of M. Pusch. Not having visited Podolia our opinion 
must go for little ; but having satisfied ourselves that the salt of Wieliczka is of 
as recent an age as the great gypsiferous masses of Sicily, we confess that we lean 
to the opinion, that the gypsum of the Dniester belongs also to that epoch. 

Limestone of Taganrog . — Allusion has already been made to the difficulty of 
neatly defining upon the Map, the line of separation between the beds of which 
we are now speaking, and certain younger shelly beds and limestones of the 
steppes. In the enormous space of Southern Russia as yet unexamined, numerous 
junctions may be detected, between these inferior and often oolitic members of a 
sandy calcareous group, and the beds we are about to describe. Such an order 
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of superposition, exposing strata of different age in the same vertical section, is 
seen at Kichenef in Bessarabia ^ 

But, to confine our remarks, in the first instance, to tracts which we have visited, 
it may be stated, that even with our limited time, we observed certain natural 
junctions in the tertiary series which distinctly proved, that the purely marine beds 
of which we are treating, lie beneath the peculiar steppe-limestone to which we 
shall next call attention. The sections of the low hills to the north of the Sea 
of Azof establish this succession. The strata exposed at the level of the Sea of Azof 
on its northern shore and at the town of Taganrog, are unquestionably of date an- 
terior to the shelly limestones of the adjacent hills of Rostock and Novo Tcherkask, 
by which they are distinctly overlaid, as expressed in the woodcut of the following 


N. 


Taganrog. 


Hills of steppe limestone. S. 


SeaofAsof. 






d. Clay drift with Mammoths’ bones. 1 , 

, . , ^ y Tcnestnal deposits. 

c. Sands with nuviatile shells. j 

b. Aralo- Caspian or stepjie limestone. 

a. Upper miocene limestone. 


k Tertiary deposits. 


In this woodcut the miocene limestone of Taganrog is seen to be overlaid by fluviatile shells in sand 
and by detritus contmning the bones of Mammoths, &c. The geologist will at once see, that these last- 
mentioned deposits have no connection with the tertiary succession under review ; they will necessarily 
be considered in a separate part of this work. 


The lowest and perfectly horizontal beds (o), as seen along the quays of Ta- 
ganrog, are light buff-coloured limestone, in beds from two to three feet thick. This 
rock, in parts cavernous, and in parts oolitic, is there so stained with ferrugi- 
nous matter as to resemble the hard beds of English crag, whilst in other examples 
it may be lithologically compared to the best white building-stones of the calcaire 
grossier of Paris. Among the fossils, w'hich are very abundant, we observed three 
species of Cardium, one of w'hich we will describe under the name of C. Fittoni, 

* There seems to be no doubt, that the fossils collected by M. Hommaire from Kichenef and that part 
of Bessarabia, some of which we have seen, differ to some extent from those from Poland, Volhynia and 
Podolia, of the true miocene type. Like the shells of Taganrog, they appear to form a passage from 
miocene to pliocene, and to be immediately subjacent to the Aralo-Caspian deposits. The exact limits, 
therefore, between the two formations throughout this western region, cannot be precisely laid down upon 
our Map, and in referring to it our readers must understand, that over a considerable area in Bessarabia 
and the adjacent countries, the miocene marine strata are occasionally overlapped by and pass into what 
we consider Aralo-Caspian or its equivalent. 
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and with them Buccimm diasitum, Mactra ponderoaa (Eichw.), two species of Turbo, 
and some minute marine univalves. 

Upon the whole, the aspect of these shells conveyed to us the idea that they are 
not of remote age, and probably upper miocene ; but being all of marine or oceanic 
origin, and not approaching very nearly to existing forms, they are clearly to be 
distinguished from those remains which occur in the higher limestone of the 
adjacent hilly steppe. To this deposit, which borders the Sea of Azof and Black 
Sea, and extends over a prodigiously large region upon the east, we now beg spe- 
cially to direct the attention of our readers. 

Ill, AralO’Caapian or Steppe Limestone — the Relic of a great former Eastern Me- 
diterranean. — ^The tertiary strata we have been considering, whether of Eocene 
and Miocene age, or passing from the latter into Pliocene, are to be viewed 
on the whole hs widely spread marine formations which have been accumulated 
in true oceanic seas or their estuaries. The formation we have now to con- 
template is strikingly dissimilar, in offering throughout one oP the largest basins 
in the world, an uniformity of peculiar characters which separates it decisively 
from any tertiary deposits of Western Europe. This peculiarity consists in the 
imbedded fossils being analogous and to a great extent identical with those of the 
present Caspian Sea, in which the univalves (with the exception of one doubtful 
species of Rissoa) are of freshwater origin, associated with forms of Cardiacese and 
Mytili which are common to partially saline or brackish waters. 

This distinguishing feature, then, of the present Caspian prevails throughout all 
the enormously developed tertiary formations of the southern and south-eastern 
steppes (European and Asiatic), and leads at once to the conviction, that during 
long periods antecedent, as will be hereafter explained, to the historic sera, a vast 
region of Europe and Asia was covered by a Mediterranean Sea of brackish water, 
of which the present Caspian is the diminished type. (See Nos. 10 and 10' of Map.) 
To render the distinction between these accumulations and all others clear and 
unambiguous, we have adopted the term Aralo-Caspian, first applied in a geogra- 
phical sense, by our great precursor Humboldt, to this region of the globe. 

With the remoter limits of this former Mediterranean we are necessarily un- 
acquainted. Judging from the recital of travellers and from specimens of the 
rock, we have no doubt that it extended to Khivah and the Aral Sea ; beyond 
which the low level of the adjacent eastern deserts would lead us to infer, that it 
spread over wide tracts in Asia now inhabited by the Turkomans and Kirghis, and 



98 AHALO-CASPIAN OR STEPPE LIMESTONE. 

was bounded only by the mountains of the Hindoo Kusk and Chinese Tartary. On 
the north-east, north and north-west, however, we have ourselves to a great extent 
traced its boundary, as constituted by the palaeozoic and secondary rocks of Oren- 
burg, the extremity of the Ural chain, the cretaceous and older tertiary deposits on 
the right bank of the Volga, and the low hills of the Don Cossacks : whilst, along 
the northern shore of the Sea of Azof and the northern and western coasts of the 
Black Sea, the Aralo-Caspian strata are here and there seen to he underlaid, as at 
Taganrog, by the tertiary oceanic beds which have just been described. Of the 
southern boundary of this eastern Mediterranean, our personal knowledge does not 
range beyond the northern slopes of the rocky ridge of the Crimsea and the penin- 
sula of Taman. 

Pallas, the first propounder of the belief in a great inland retired sea, as well as 
several of his successors, have ascertained that similar deposits • occupying the 
northern edge of the Caucasus, cover a great part of the isthmus between the Black 
and Caspian Seas; and we now know from MM. Eichwald and Dubois, that they 
spread over the country of Daghestan, a part of the low region east of Tifliis, and 
form the southern coasts of the present Caspian, beyond the limits of our Map. 
Throughout this enormous area scarcely any other strata are visible, except those 
which are charged with the relics of a former brackish sea, analogous to and often 
identical with species now inhabiting the present Caspian. 

By examination of the eastern tract of the Crimaea (Kertch, Taman, &c.) and the 
shores of the Black Sea, we satisfied ourselves that the chief strata of these loca- 
lities were formed beneath the same waters: and judging from the organic remains 
collected from numerous points of the whole area, there can be no sort of doubt, 
that all the masses of water now separated from each other, from the Aral to the 
Black Sea inclusive, were formerly united in this vast pre-historical Mediterranean ; 
which (even if we restrict its limits to the boundaries we already know, and do 
not extend them eastward, amid low regions untrodden by geologists) must have 
exceeded in size the present Mediterranean ! 

If towards the close of this work we venture to throw out a few speculations con- 
cerning the more active causes by which the relations of land and water have been 
changed, and by which this former expanse of water has been since converted into 
dry land, and separated into distinct seas now occupying different levels, our present 
object must be to describe the nature of the strata, their imbedded contents, and 
the altitudes at which they now lie. In so doing we shall also endeavour to show. 
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by the physical features of this region, that such desiccation must have resulted 
from at least two great movements of upheaval ; by the first of which the lime- 
stones which occupy the hilly coasts of the Black Sea, Sea of Azof and Caspian, 
and large tracts between that sea and the Aral, must have been consolidated and 
left dry ; so as to form the shores of an inland sea of posterior date, which though 
separated from the Aral, still spread over the great steppe north of Astrakhan, and 
covering the low steppe of the Caucasus and the isthmus of Perecop, connected the 
sea of Azof and the Black Sea with the present Caspian. We have, indeed, en- 
deavoured to mark this succession upon the Map', first, by a rich yellow colour 
No. 10., to indicate the earliest period of this Aralo-Caspian brackish sea when 
it covered its greatest area ; secondly, by a diminished tint of the same colour (10'), 
showing a more recent period of desiccation, when the Caspian and Black Seas 
were still unite’d, but when the Caspian and Aral were separated by the high inter- 
vening plateau of the Ust-Urt. 

Aralo-Caspian or Steppe Limestone . — It is to this formatibn, for the most 
part we presume of Pliocene age, that we refer the strata, which occur at Novo 
Tcherkask, and under the name of Steppe Limestones occupy a large portion of the 
hills before referred to, at heights of 200 or 300 feet above the sea (see woodcut, 
p. 296). Novo Tcherkask, the new and spacious capital of the Don Cossacks, is to a 
great extent built of a rock of this age, which is there excavated to a depth of twelve 
or fifteen feet, showing sands both above and beneath it. This rock is of a ginger- 
bread colour, and is made up of a mass of broken shells, so as still more to resem- 
ble the English crag than the inferior marine beds of Taganrog. It may also be 
compared in lithological aspect with the large cavernous shelly secondary oolite of 
Barnock, near Peterborough in England, like which it may prove a durable and 
good wearing stone though full of cavities *. 

The shells which characterize the rock at Novo Tcherkask are — the same small 
Cardium sulcatinum and C. incertum (Desh.), described by one of us from Odessa 

' In defining the range of the steppe limestone on a Map of the scale which we have prepared, it is to 
be again observed that along the edges of the younger deposit a few localities are included at or near which 
the antecedent marine formations are also occasionally apparent as subjacent rocks ; for example, in the low 
cliffs of Taganrog* where the steppe or younger limestone occupies the adjacent cliffs or hills. Similar 
examples of superposition or passage may, for aught we know, occur at numerous other localities, and all 
that we have it in our power to effect, is an approximation to the real borders of the vast area in Russia, 
over which the brackish or Aralo-Caspian waters once extended. 

* This steppe limestone, whether extracted at Novo Tcherkask or Odessa, is easily cut in the quarries* 
but hardens in the atmosphere. 
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and Kamiusch Burun at the eastern extremity of Crimsea, — another species of 
Cardium of this steppe-limestone — ^undistinguishable from the C. pseudo-cardium 
(Desh.), ■which we found living in the Lake Akerman near the Dniester, and a very 
small Mytilus (Dreissena), which with a Paludina constitute whole bands of stone, 
the shells being in general triturated and cemented into a porous mass. 

From the character, then, of its imbedded shells, it is evident that this limestone 
was deposited in brackish waters, and from its occurrence at numerous places, where 
it forms the shores of the lower steppes, it must have occupied a vast area. Within 
the limited scope of our own researches, we observed it ranging eastward as far as 
Lepatinsk on the Don, about 100 versts from Novo Tcherkask, where it caps a 
cliff about 120 feet high, and where, having a thickness of thirty-six feet, it reposes 
upon incoherent sands with yellow courses of about forty feet, beneath which are 
beds of siliceous sands and sandstones, undistinguishable from those' we have before 
mentioned as covering the white chalk in other pai ts of Russia. Such sandstones, 
generally yellowish- w’hite, and crumbling into fine glassy sand, occupy the pro- 
montories on the right bank of the lower part of the Volga, and from Sarepta ex- 
tend along the right bank of the Sarpa where we examined them. Associated with 
some marls and occasional limestone, they constitute, in fact, the western and 
northern shore of the vast lower steppe of the Kalmucks, and in that sense we shall 
hereafter allude to them. We have before us a manuscript description of these 
sandstones written by Mr. Strangways many years ago, in which their eroded surface 
and concretionary stnicture are well described. Whether near Sarepta on the 
Volga, or on the southern edge of the granitic steppe of the Dnieper extending west- 
wards to Poland, they seem to constitute the oldest portion of these tertiary rocks, 
and to be succeeded by the steppe limestone. In some instances, near Sarepta, 
as Mr. Strangways well observed, they present striking appearances of false strati- 
fication or cleavage oblique to the chief horizontal beds. From our own acquaint- 
ance with them we are unable to assign the relative age of all these sandstones, 
occurring as they do at remote distances from each other. In the absence of or- 
ganic remains, we cannot presume to decide, whether they ought to be classed with 
the Miocene or Pliocene deposits, or whether they occur in both of these subdi- 
visions. Some of them have, indeed, been already alluded to as being of the Eocene 
or older Tertiary age. In truth we have already stated, that in many districts the 
development of both the cretaceous and tertiary rocks is so arenaceous, that we 
are incapable of drawing clear lines of separation between them. 
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To return, however, to the true Aralo-Caspian strata, we consider the chief masses 
of white limestone occupying the low hills to the south of the coal region of the 
Donetz, and ranging by Mariopol to Odessa and thence into the lower country of 
Bessarabia on the western shores of the Black Sea, to be of this age. We place 
upon the same parallel the upper shelly strata described in the Crimsea, including 
the chief limestones around Kertch, and the deposits of the cliffs of Kamiusch 
Burun and Taman, and also the limestones on the northern and western shores 
of the Black Sea. 

We would here refer our readers who seek for the details of the formation in 
that region, to a memoir by one of us upon the Crimaea, in which vve have described 
these deposits, as being there composed of courses of argillaceous marls, clays, 
calcareous marls, concretions, ferruginous bands, agglutinated shells (faluns), 
and soft, spon^, shelly limestone’. The soft limestone, usually white, is the 
best type of the whole formation, and largely used as a building-stone both at 
Odessa and in the Crimaea, it has afforded a great number of organic remains. In 
some bands associated with it we found an infinite quantity of small Paludinae ; 
but at Taman, as at Novo Tcherkask, the most abundant forms are the small and 
peculiar Cardiaceae, and the Mytilus polymorphus (Dreissena of Van Beneden). Of 
the former M. Deshayes described twenty species, and whilst these are asso- 
ciated with Mytili and a Modiola which must have lived in brackish waters, we 
remarked the almost total absence of Gasteropods of marine origin ; the Paludinae, 
Melanopsidae and Limneae which were then enumerated, being unquestionably of 
freshwater origin, and one of them undistinguishable from species now inhabiting 
the embouchure of the Dniester {Neritina Danubialis) . 

In addition to these decisive conchological facts, an independent proof has 
recently been obtained of the manner in which beds of a purely marine character 
passed into these brackish steppe limestones. Pallas and Kathke had both alluded 
to the bones of certain Cetacea found in the peninsula of Taman ; and Professor 
Eichwald had referred the head of one of these animals to a Dolphin, and named 
it Ziphius priscus. Obtaining possession of this specimen for the Museum of St. 
Petersburgh, Professor Brandt worked the bead of the colossal creature out of the 
rock in which it was imbedded, and pronouncing it to belong to a new family of 
whales, has described it under the name of Cetotherium Rathkii. Ihis fossil genus 
appears to form a new link in the animal kingdom, and is more nearly allied to the 

I M. E. de Vemeuil, M6in. de la Soc. Gdol. de Fr. vol.iii. with 6 plates. 
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herbivoTotis Cetaceans than to the Dolphins. Its position in the geological series 
is most striking ; for the rock in which it occurs near Taman, contains casts of 
sea ohallfi a'nnilar to those of miocene age, which extend from VolhyniaandPodolia 
to near the shores of the Black Sea and to the Crimsea. It is also very remark- 
able, that along with this herbivorous cetacean, the other, and as we think overlying, 
organic remains (among which, however, banks of corals occur) have more the 
character of the inhabitants of a brackish sea than those of the subjacent rocks. 

These relations are, however, in accordance with modern conditions, and are, 
indeed, explained by an analogy in Scotland, for an acquaintapce with which we 
are indebted to Professor E. Forbes. The lake of Stennis, in the Orkney Islands, 
celebrated in the writings of Sir Walter Scott, has actually been converted, within 
a very recent period, whether by elevation of the land or other cause, from a salt- 
water loch into a freshwater and marsh j tract ; and with this great but gradual 
change, certain marine genera (Cardiaceae and Mytili) have continued to live on amid 
their new associates of land and fresh water (Limneae, Neritinae, &c.), whilst others 
have perished. That which is taught on a small scale in the Scottish lake must, there- 
fore, have formerly occurred on the edge of the great Aralo-Caspian Sea, — which 
in consequence of separation from the ocean, was converted into a brackish state, and 
in which, as in Scotland, the same hardy and time-serving marine genera continued 
to exist with new associates in their altered abode ! In a word, the miocene 
deposit of Taman, with its herbivorous cetaceans and marine shells, intermixed 
with and succeeded by brackish water relics, is only an example, in an earlier 
period of the world, of a formation along the edge of a great Caspian, the creatures 
in which necessarily differed from those of the pure marine period which preceded 
them. 

In describing the geological succession of the Crimsea, M. Huot* has divided the 
tertiary series (supercretac^) into lower, middle and upper stages. The 6rst of 
these is unquestionably of the same age as the calcaire grossier of Paris or Lon- 
don clay, with which, as before explained, it has several species in common. We 
do not, however, coincide with this author in his method of grouping fossils from 
several localities to form his second stage : so far as he places in it species which 
are identical with or analogous to those of Bordeaux, Dax or Touraine, it is evident 
that such remains belong to the true miocene deposits to which we have already 
alluded, as being so widely spread over the continent of Russia. Such shells (ob- 
' Voyage dans la Rossie Mdridionale et la Grimde sous la direction de M. A. Demidoff, vol. ii. p. 425. 
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served by this author at Sevastopol, the convent of St. George, Simpheropol, 
Kertch and Enikald) must not, we contend, be placed on the same parallel as 
the remains which occupy a portion of the cliffs of Taman and of Kamiusch 
Burun, in which one of us found the twenty species of peculiar Cardiaceae before 
alluded to*, mixed up with Mytili of brackish water forms, and with Limneae, 
Paludinae and the Neritina Dambialis. Seeing that in the western and central 
portions of the vast area of Southern Russia which are covered by oceanic miocene 
deposits, there is nowhere such a predominance of brackish and freshwater over 
marine shells, we must consider the beds of Kamiusch Burun to be more naturally 
linked on to the Aralo-Caspian or steppe limestone than to miocene deposits. 
Throughout the cliffs of Taman we observed nothing but remains similar to those 
of Kamiusch Burun, i. e. the Cardiaceae of the steppe, with Mytili and freshwater 
univalves. At*the same time we believe, that to the east of Kertch, lower strata 
have been brought to the surface, particularly in a tract which has undergone 
considerable movement along the line of eruption of the adjacent mud volca- 
noes. The very few shells and corals imbedded in compact limestone, which 
we collected at Enikale, for example, are marine ; and in our specimens from 
thence there is no sign of mixture of miocene with Aralo-Caspian shells. But 
admitting that the herbivorous cetacean found at Ak Burun occurred in beds of 
this age with marine shells, why are we not to look upon them as inferior to the 
brackish water accumulations of Kamiusch Burun, and if so, what is there in such 
collocation to interfere with our general views ? Such facts indicate nothing more 
than a passage from one formation to another, and our inference is even sustained 
by referring to M. Huot himself : for in speaking of his middle tertiary group he 
admits that, in one part, its upper beds contain Trochus, Phasianella and other 
marine genera difficult to determine, mixed up with land and freshwater shells. 

Natura non facit saltum, said our forefathers, and in tracts where there has been a 
gradual change from purely oceanic to brackish water deposits, spots must naturally 
be detected, which expose evidences of the transition from one set of conditions to 
another. Now a glance at the Map will serve to convince geologists, that the 
deposits under consideration are just in that geographical position where such a 
passage ought to be looked for ; since they not only lie towards the western limits 
of the former Aralo-Caspian Sea, but also form part of a tract singularly disturbed, 
and in which all the tertiary strata, from the lowest or Eocene beds, have been 

' De Vemeuil, Trans Soc. G6ol. dc France, vol. iii. p. 47-58. M. Huot and his associate M. Rousseau 
have since augmented the number of these Cardiacese to twenty- seven. 
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thrown up and exposed in succession. Here then we presume the elevation of sub- 
marine beds into land, produced one of those natural barriers, by which the Western 
Ocean of that day was eventually shut out from all communication with the great 
internal Aralo-Caspian ; and here, therefore, we might expect to detect the remains 
of such animals as the herbivorous cetacean, associated with sea shells and fol- 
lowed by the inhabitants of brackish water. In such a conterminous tract, where 
the waters must have undergone a gradual change, a few hardy marine animals 
might have lived on for a time ; and thus can be explained the existence of coral 
reefs, composed entirely of the Eschara lapidosa (Pallas), which there seem to rise 
up through the brackish water strata. But with a further separation from their 
original seat, the oceanic types would necessarily dwindle away, and when the 
isolation of the Aralo-Caspian Mediterranean was completed, the result would be 
a simplification of the animals wdiich lived in it, and the establishnfent within it of 
a fauna perfectly distinct from that of the ocean. This view is, indeed, strongly 
sustained by an appeal to facts. Partial intermixtures of shells, or rather such 
transitions as that at Taman, and of which we believe there are also evidences 
(though of a much less decisive nature) in Bessarabia, and around the Sea of Azof 
and the Black Sea, are peculiar to the western boundaries of the Aralo-Caspian 
deposits. In following these strata to the east no such phaenomena have been 
detected, and the central portions of this widely-spread formation, around the 
Caspian Sea, present exclusively the true and persistent types of an inland sea, 
the beds of which were formed under widely extended and uniform conditions, 
and in which there are no vestiges of corals, marine shells or herbivorous ceta- 
ceans. The great uniformity of composition and fossil contents which pertain to 
these Aralo-Caspian rocks over such enormous eastern regions, a point on which 
we shall presently dilate, compels us therefore to differ from M. Huot in the theory 
of their origin ; for whilst he attributes them to the desiccation of numerous shal- 
low brackish lakes or lagoons, left here and there by the retirement of the ocean, 
we, on the contrary, are convinced that all the Aralo-Caspian deposits were accu- 
mulated under one vast inland sea, the inhabitants of which differed as essentially 
from those of the ocean of that day, as the animals of New Holland now differ 
from those of the rest of the world. 

Before we quit the consideration of the uppermost deposits of the Crim«a, 
Kertch and Taman, we cannot avoid alluding to another opinion expressed by M. 
Huot, from which we still more strongly dissent, viz. the presence of great fossil 
extinct Mammalia {Elephas primigenius and Mastodon angustidens) in his middle 
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tertiary formation of this tract. If this fact were established, it would be at vari- 
ance with all our knowledge of the distribution of such animals over enormous 
surfaces of Russia and Siberia, as well as in other parts of the world ; but as M. 
Huot has never seen these remains imbedded in the same strata with marine remains 
of miocene or even pliocene age, but simply collected them at the foot of the cliff, 
the natural inference would seem to be, that they had fallen from an overlying mass 
of sand, clay or other superficial detritus, occupying a position similar to that in 
which we found them at Taganrog (see p.296), and were lodged in their present 
position, just as similar remains subsiding from river banks in inland tracts are 
carried into the beds of the present streams. In corroboration of our own opinion 
it also may be stated, that no remains of these Mammalia are cited by any author in 
the solid tertiary formations of Russia, not even in the Aralo-Caspian or upper- 
most stratum ;• and since M. Huot himself describes them in another place, as really 
occurring in the superficial detritus or earthy covering of these tracts, we shall now 
simply state, that such is in our view their only true habitat. This terrestrial subject, 
which is not strictly connected with that under discussion, will necessarily be con- 
sidered in a subsequent part of this volume. 

Though unable from our own researches to describe the continuation of the 
steppe limestone, from the peninsula of Taman along the northern edge of the 
Caucasus, we believe from the descriptions of others, that the rock is continuous. 
We think that it ranges along the low country by Stavropol towards the advanced 
Caucasian spur called the Beshtau. However this may be, the recent publication 
of Professor Eichwald distinctly enables us to synchronize with it all the wide- 
spread horizontal shelly limestones of the Daghestan, Derbend and Bakii, which 
form low hills on the western shores of the Caspian Sea. There again we are pre- 
sented with agglomerates of Cardiaceae and Mytili, with Paludinse and other fresh- 
water shells. The labours of M. Eichwald have indeed a special value in deter- 
mining the age and origin of these limestones, for in describing the very limited ex- 
isting fauna of the Caspian Sea, he has ascertained, that at least seven species of the 
fossil shells are now living in it. In these rocks the same phaenomenon is repeated 
as in those which we have examined on the shores of the Black Sea and Sea of Azof , 
viz. that with the exception of some traces of Rissoa, there are no marine univalves. 

The following table of the Caspian shells, recent as well as fossil, will show better 
than pages of writing, to what degree the tertiary deposits around that sea coincide 
with those we have been mentioning on the shores of the Sea of Azof and Black 
Sea, and how they more fully exhibit the true and unmixed Aralo-Caspian type. 
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Table of Caspian Shells, fossil and recent, chiefly compiled from M. Eichwald’s 

‘ Zoologia Caspia-Caucasia.’ 


GBNSRA AND 8FSCIBS. 

WHERB LIVING. 

FOSSIL IN TUB 8TBPPB8. 

v^rii^hilia, Richu) 

In the Caspian near Astrak- 
han and Derbend. 

Rocks of Daghestan. 

Ditto. 

— *irriiton, id 



Ditto. 


Near Derbend among the fu- 
coids ; Black Sea, near 
Odessa. 

Cnnpinn Spr 


Rocks of Daghestan. 

Province of Derbend, mixed with the preceding 
Paludins. 

Daghestan, and near the naphtha springs, with 
agglutinated fragments of Neritina, Cardium 
and Dreissena. 

Rocks of Daghestan ; Gulf of Karabogas. 

% 

Ust-Urt, mixed with Cardiaceac and Paludinsc. 
Promontory of Tiik Karagan ; Bakh. 

Ibid. 





N’pritina. litnrnfA^ id 

On the sea- weeds of the coasts 

Riillinn TTatucrtensis, id. 

of Derbend, Balkan and As- 
trakhan. 

ll^actra Cospia, id 


— Tfflrngrnna^ id 


riyrlns TTatiiertensis, id 


Plateau or isthmus of the Ust-Urt. Eichwald 
justly remarks, that the presence of these Cy- 
clades in thousands, with a great profusion 
of Paludinae, clearly announces a mixture of 
fresh and salt water. | 

Near Astrakhan, and in all the low steppes ex- 
tending to Tzaritzin, with Cardium, Adacna 
and Monodacna, thus indicating the presence i 
of an ancient sea. Of these the Dreissena is i 
much the most abundant and forms immense 
agglomerates. Entire islets are composed of 
Dreissena and Cardium, as well as all the 
coast between Bakh and Derbend, and tolerably 
high hills towards the town of Takhu. 

Crimaea, Taman and low steppes of L. Elton. 

nptilc.TC ArACRfi rfei*rtnnnnf^rirtr nrit'li 

Dreisscna polymorpha. Van Ben, f 
(Mytilus) •< 

Mytilus eduUs^ Lin L 

— rostriformis. Desk 

Embouchure of the Volga; 
Caspian andBlackScas,and 
Baltic. 

Donax priscus^ Eichw 

1 ; 

Cardium edule, Lamk. 

The existing species in the 
Caspian is very small. 

In every shore of theCaspian. 

Generally in theCaspian, and 
according to M.Hommaire 
in the Sea of Azof. 

Caspian, Nikolaieif (Black 
Sea). 

Caspian. 

Black Sea. 

and Mytilus edulis. 

Both coasts of the Caspian. In Daghestan, with 
Rissoa and Paludina. Near the Gulf of Ka- 
rabogas, with Didacna crassa, Monodacna 
Catillus, Mytilus polymorphus, Neritina litu- 
rata, &c. 

— nisticum^ id 

Didacna trigonoides (Cardium), Pall. 

■ — crassa (Cardium), Eichto 

Lower steppe of the Volga. Smaller varieties 
of this species are found at Bakh mixed with 
Mytilus, Rissoa, &c. 

Small variety in Daghestan, Karabogas. 

iMonodacna Caspia (Cardium), Eichw. 

■ — pontica. id 

j — propinqua, id 

Bakd. 

Bakd, near to Cardium paucicostatum, Crimsea. 
Bakd, Karabogas, Lower steppes of the Volga. 

Near Lake Elton and steppes of Astrakhan, 
with Mytilus polymorphus, M. rostriformis, 
Adacna protracta, Monodacna Catillus, and 
Didacna trigonoides. 

Steppes near Lake Elton in argillaceous hillocks. 

1 — interm^ia, id 


1 — Catillus (Cardium), id 


.Adacna colorata (Cardium), Eichw,,.. 

1 

!— edentula, Pall. 

Gulf of Nikolaieff; Volga, 
Don, and Palut Mmotis. 
Oaspian. 

1 

1 

: — protracta, Eichw 

— plicata. id < 

Sulf of Asterabad, Freshwater 
lakeof Akerman near Odessa. 
Glulf of Asterabad and Bakii. 
[bid. 

~ laeviuscula, id i 


— vitrea, id 

1 
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In seeing the wide extension of the most common species of the fossil shells 
enumerated in the preceding table, no one can fail to be convinced, that whether 
imbedded in the rocks forming the shores of the Black, Azof or Caspian seas, they 
once all lived under the same waters. Throughout all that sea of ancient times, 
certain peculiar forms of the genus Cardium* constitute the characteristic feature of 
the fossils, and also, it will be observed, of the present Caspian. In fact, of the 
fifteen species enumerated by Eichwald*, seven are still living exclusively in the 
Caspian, two in the Black Sea, two are common to both seas, and eight are fossil ; 
whilst of these last eight species, four are identical with living forms, and four seem 
to be lost. But even the species presumed to be lost are so closely allied to those 
now inhabiting the Caspian, that we cannot avoid recognising in them the same 
peculiar Aralo-Caspian type, unknown in all other regions of the globe. It is 
worthy of remark, that one species, the Adacna colorata (Eichw.), which has been 
found living in the rivers Volga and Don, as well as in the gulf of Nikolaieff and 
the Palm Maotis, ofiers a good analogy to explain the habits ofitheCardiacese of 
the steppe limestone. It is further remarkable, that the Adacna plicata, which 
Eichwald cites from the gulf of Asterabad in the Caspian Sea, has been found by 
us living in the freshwater lake Akerman*, near Odessa, and within forty to fifty 
versts above the mouth of the Dniester. Tliis fact, added to those cited by Eich- 
wald, of the coexistence of numerous Paludinse with Cardiaceae, and analogous to 
those inhabiting the present Caspian, would lead us to believe, from zoological 
data alone, that the Caspian of our day is simply the residue of the great Aralo- 
Caspian Sea, whose fauna was so dissimilar from the oceanic deposits of the aera 
in which it was accumulated. 

m 

But notwithstanding all previous researches, our knowledge, it must be allowed, 
is yet too limited to enable us to reason very closely upon the relative change in 
the inhabitants of the former and present Caspian. In the lists of M. Eichwald 
we see, indeed, that several species are now living which have not been found fossil, 

* Deshayes retains entire the genus Cardium for all these forms, but Eichwald forms for them the genera 
Adacna, Monodacna, and Didacna. 

® The work of M. Eichwald here cited must be considered as the verification and support of many of 
the opinions contained in his former volume, Alte Geographic des Kaspischen Meeres, des Kaukasus und 
des Sudlichen Russlands. Berlin, 1838. 

* In the same lake we found the Cardium pseudo- Cardium (Desh.), (M^m. Soc. Geol. de France, 
vol. iiL pL 1. f. 1 and 2.), which by a total absence of lateral teeth and other characters is very nearly 
allied to the Cardiaceae of the Caspian. 
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and that others which are abundant as fossils are unknown in existing nature. Yet 
here we must observe, that as the bottom of the Caspian has never, we appre- 
hend, been explored by that searching instrument the dredge, nor its contents fully 
laid open by it, like those of the j®gean Sea through the labours of Professor E. 
Forbes, it must be impossible to say to what precise extent the submarine fauna 
of the former and larger Caspian agrees or disagrees with that of the present sea. 

We have already endeavoured to account for the partial intermixture of purely 
marine shells with brackish water remains in some of the rocks of the isthmus of 
Taman ; and explaining the phaenomena by a modern analogy , have sought to lead 
our readers to understand, how the inhabitants of our ancient Aralo-Caspian being 
shut out from the ocean, may have lost the oceanic and. assumed the brackish 
water type. The present Caspian, for example, isolated and excluded from all 
communication with the ocean, is so slightly saline, that even in a part of it far 
removed from rivers and streams, its waters are said to be potable* ; and, 
according to Eichwald, as stated in his Fauna, the greater number of its fishes 

‘ Lieutenant Felkener (Annuaire des Mines de Russie, ann^e 1838, p. 155) states, that in the Isle of 
Tcheleken, which is saturated with saline springs, the Turkoman inhabitants drink no other water than that 
of the adjacent Caspian Sea. With such a fact before us we cannot subscribe to the view of M, Hommaire 
(Bulletin de la Soc. Geol, de France, vol. xiv, p. 263), drawn from a belief that the Caspian of the present 
day is more saline than the Black Sea. M. Hommaire has, indeed, a theory to sustain, which, in our opinion, 
is at variance with the geological and physical structure of the surrounding regions. That author contends, 
that the Caspian is simply a portion of the ancient Black Sea, wliich since its separation has been lowered 
to its present level through a diminished supply of fresh water from the rivers Volga and Ural, and also by 
evaporation ; and hence its supposed greater saltness. Granting that the Volga and the Ural, no longer 
flowing through vast undrained and uncultivated forests, do not afford so great a volume of fresh water 
as of old, and that the level of the Caspian may consequently have somewhat subsided, there is no reason 
to apprehend that this cause can continue to operate to any great extent. In regard to the alleged excessive 
saltness of the Caspian, the statements of M. Gbbel, the chemist, (who makes the water less salt than that 
of the ocean) are at variance with those of M. Hommaire. We venture, however, to believe, that both ana- 
lyses may be true, and that they depend upon the portion of the sea from whence the samples were taken. 
We have, indeed, no diflBculty in understanding why such parts of this sea as happen to be fed with intensely 
saline springs issuing from beds of rock salt, may not be exactly as they are represented by M. Hommaire; 
but whilst he attributes this excess of salt in the w^ater to evaporation, we distinctly refer it to ancient 
geological causes, viz. rock-salt and salt springs of previous epochs. Our readers will, in truth, perceive, 
that the theory of M. Hommaire requires no other refutation than the simple fact, that Caspian shells 
lie in rocks 700 feet above the Caspian Sea. Would that author lower the great Aralo-Caspian Sea 
from such heights by evaporation ? We shall presently assign geological reasons which exclude the 
|) 0 S 8 ibility of such former high levels of that sea, and which at once destroy the reasoning of Pallas and 
many of his successors, as to certain historical deluges in Greece and the rupture of the Dardanelles 
being due to the letting oflP of these inland bodies of water. 
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belong to freshwater genera and species. In another memoir, however, by the 
same author an opinion is expressed, that though it is now, and has ever been 
but slightly saline, the Caspian is daily becoming more so, both through evaporation 
and the dissolution of masses of salt which occur in or below its bed. To this cause 
M. Eichwald seems to attribute the poverty of its fauna, and the disappearance of 
several species which are supposed to have been in existence at no distant day. 
Even our present amount of acquaintance with the subject would, however, induce 
us to reject this reasoning ; for, in the first place, no valid proof has been given of 
an increase in the saltness of the Caspian ; and secondly, judging from all the fossil 
collections, there is no reason to believe, that the former vast Aralo-Caspian pos- 
sessed a greater variety of species, or that its shells partook more of a marine 
character, than those of the present sea. The truth, indeed, seems to be, that in 
the ancient as m the modern period, the relative proportion of organic contents 
has been perfectly maintained. Now in sheets of fresh water of our own aera the 
number of genera and species is small, but that of individuals great, whilst in the 
ocean their variety is countless, — a result probably due to the great diversity of con- 
ditions produced by strong currents in vast and open seas, and to the removal of 
species from distant countries brought into contact with each other. The persistent 
and almost monotonous zoological character of the Aralo-Caspian limestone is, 
therefore, the best possible proof of the insulated position and uniform, brackish 
nature of the one great inland sea in which it was accumulated. 

This Aralo-Caspian limestone occupies the summits of the extensive isthmus 
between theCaspian and the Aral. M. Eichwald has, as it will be perceived in the 
prefixed table, named two species of shell after this isthmus, the Ust-Urt. Owing* 
to the great difiiculty of travelling far inland among the wild Turkomans who 
inhabit it, we presume that M. Eichwald has not much examined the interior ; 
but by connecting his zoological determination of the species, which so exclusively 
occupy the shelly limestone forming the eastern cliff's of the Caspian, with the 
independent description of other travellers, there can be no doubt, that the same 
deposit spreads over the whole of the plateau between the two seas, extending to 
Khivah and even far beyond that city*. 

' Erganzimg seiner friiheren Aiisserang^ uber das Verhaltniss des Caspischen zur Schwarzen Meere, 
Erman'fi Archiv fiir Ruseland, 1843. 

® Older tertiary and even secondary and ancient rocks doubtless form the nucleus of the TJst-Urt (see 
note, p. 313). We are now merely speaking of the shelly limestones, marls, &c. of the surface deposits. 

2 S 
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Judging from the sketch of the country between Balkh and Khivah left to us by 
the adventurous and lamented Burnes, we can scarcely doubt, that on the east the 
Aralo>Caspian deposits range continuously to the edge of the elevated plateau of 
Pamir (Bolor chain of Humboldt), and on the south to the foot of the western pro- 
longations of the Hindoo Kush ; for he describes all the plain of Turkistan, which 
is watered by the Oxus, as consisting of soft yellowish limestone, with clay, gravel, 
sand and occasional springs and deposits of salt'. 

Respecting the Ust-Urt we had, indeed, come to the same conclusion from per- 
sonal communication with M. Eversman, who accompanied the expedition of General 
de Berg, which passed, in the winter of 1826, from the Caspian to the Aral, and 
determined the heights of the Ust-Urt, as well as from the travels of Muravief, when 
our opinion was strikingly confirmed by the perusal of the Appendix to a recent 
work by the enterprizing British envoy Captain James Abbott. After travelling 
from Khivah to the promontory ofTuk Karagan, by a route seldom if ever previously 
taken by a European, he distinctly says, “ the basin of the Caspian is a shell lime- 
stone precisely similar to that which forms the plateau betw^ecn its shores and Khivah. 
It is remarkable that the whole of this immense mass, often elevated to more than 
one thousand feet* above the level of the Caspian, contains but the three shells, the 
cockle, muscle, and spirorbis, which are the production of the waters of the Caspian. 
Hence (he well observes) had these vast strata of shell limestone been the deposit 
of the ocean, they must have contained other shells than those which they yield to 
research. They are therefore the deposits of the Caspian.” In alluding to these relics 
of a former Mediterranean, the same traveller goes.on to speak of them as proofs of 
‘that sea having once stood at a vastly higher level, and thereon builds a theory for 
the wearing away by these higher waters of the gorges of the Hellespont. Here, 
however, he shows himself to be unacquainted with the true principles of geology, 
which would have taught him, that if ever the Caspian stood above the level of the 
highest points at which the steppe limestone is now found, it must have covered 
Russia in Europe and the plains of Germany ; but of such a phienomenon there 
are no traces. Geologists will, therefore, naturally conclude, that such positions 

’ Tnu». Oeol. Soc. vol. iii. p. 494. 

* As Captun Abbott’s most remarkable journey was performed during a period of the greatest danger 
(the war between Khirah and Russia being then at its height), and as in traversing this very steppe, 
which he so graphically describes, he was robbed, captured and severely wounded by the Turkomans, 
we are not to expect from him an accurate estimate of heights. 
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of the steppe limestone (even if they do not exceed 
700 or 800 feet, the ascertained heights of the Ust- 
Urt above the sea) must be referred to unequal 
elevation of the bottom of an ancient Caspian, and 
not to its depression. 

To give to the reader a clear view of these great 
oscillations of land, we here subjoin a general sec- 
tion, from the hills of Aralo-Caspian limestone 
above Taganrog upon the Sea of Azof, to the Aral 
Sea. In this diagram, which is founded on the 
Russian determinations of the relative altitude of 
the different tracts of land and inland seas, the 
dotted line represents the level of the Sea of Azof 
and the Ocean ; a glance, therefore, will show how 
the Aralo-Caspian deposits have been heaved up to 
different heights in the hills of the Don Cossacks, i i I 
on the eastern shores of the Caspian, and in the iff 
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Ust-Urt. Again, whilst it has been demonstrated, I. | 
that these inland seas were once united, the Caspian, | 

and with it large portions of the adjacent lower b 

steppe, to which we shall hereafter advert, are seen I 
to be depressed beneath, whilst the Aral Sea is g 
above the level of the ocean. 

In the opposite woodcut no very great precision 
must be looked for, an observance of which is ob- 
viously impracticable, where the horizontal line 
extends over near 900 miles of country. Again, if 
in giving the height of the Ust-Urt above the Cas- 
pian, the same proportions were followed, as in the 
height of the Ocean or Sea of Azof above the Cas- 
pian, that plateau would appear extravagantly moun- 
tainous. The sole object of the section is to con- 
vey a general approximate idea of the relations of 
the masses of land and water. (For the level of 
the Caspian, see note, p.321.) 


Sea of Aaof. 


Egorlich River. 

Kalaiu River. 

Sources of the Manitch. 
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The relative changes between land and water within the historic Kra will be 
considered towards the conclusion of the work, on which occasion we shall endea- 
vour to indicate, how those recent modifications of contour to which Baron Hum- 
boldt referred, are distinct from the phsenomena so clearly ante-historical which 
occupy us ; for though we now offer proof, that the Aral and the Caspian were to 
a great extent separated in the tertiary period, by the elevation of the Ust-Urt and 
the great isthmus of Khivah, we may take the opportunity of discussing with our 
illustrious contemporary, whether in the early periods of history the Aral and the 
Caspian may have been connected in their southern parts, and whether the Oxus 
may not have flowed into both seas *. 

Another author, Lieutenant Felkener, of the Imperial Russian Mining Corps, 
may, indeed, be cited in support of the view, that the masses of land to which we 
have been alluding were formerly the bottoms of an inland sea. 

In exploring the eastern edges of the Caspian from Asterabad to the Cape Tiik Karngan^, he describes the southern 
portion of the coast, extending from the river Karasii to Postchanoi Ugol, as a low alluvial sandy plain, which rises 
insensibly to the east, and is flanked on the north and north-east by the great plateau of the Ust-Urt, and on the 
south and south-east by the chain of Khorassan. This lower desert of Kliivah (Khwarezm), inhabited by lawless 
Turkomans, and with which geographers are only slightly acquainted through the adventurous travels of Muravief 
and Conolly, would seem, therefore, to offer the same relation to the Ust-Urt ^hich the low steppes of Astrakhan 
and the Caucasus bear to the adjacent raised tertiary strata which surround them, a subject to ivhich wc shall 
presently advert. Though little versed in the specifle distinctions of fossil shells, Lieutenant Felkener is suflfi- 
ciently clear in his narrative to permit us to doubt, that an elevatory process has been going on from remote anti- 
quity to a very recent period, if not to the present day, by which the mountains, hills and banks on the coasts of 
the Caspian have been successively heaved up. Connecting effects with their causes, his description of the raised 
beds of the Caspian, often inclined and dislocated in the neighbourhood of the eruptive rocks of the Dalkhan, and 
their horizontal position at great altitudes where placed at some distance from such lines of disturbance only, tend 
to confirm our belief, that with a little more attention of competent observers, these tracts, particuiarly in the 
meridian of the eastern prolongation of the Caucasus, will afford still more distinct proofs of different epochs of 
elevation. 

In making this remark, however, we are fully alive to the very great difficulties 
which must encompass any traveller who seeks minutely to examine the interior of 
a tract, inhabited by wild and lawless Turkomans, and in which for a distance of 800 
versts, from south to north, one well only of fresh water is known. Even from the 
pages of Lieutenant Felkener we learn that, upon the same parallel along which por- 
phyries and other plutonic rocks were formerly ejected, and which threw up the more 

' Asie Centrale, vol. i. p. 421 el $eq., and rol. ii. p. 221 et seq. Muravief, Voyage cn Turcomanie, 
and Journey to the North of India overland from England, through Russia, Persia and Affghanistan, by 
Lieutenant Conolly. London. 1834. 

< Annuaire du Journal des Mines de Russie de 1838, p. 130. 
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ancient tertiary deposits, other uprisings and ebullitions have been continually in 
activity. Among the prominent features of the latter are the fountains of naphtha 
and the hot saline springs (an eastern continuation of those of Baku and its sacred 
fires), which bursting out in some spots from the bottom of the sea, rise up through 
all the adjacent lands, penetrating the Isle of Tcheleken and the adjoining coast. 
In that tract, the strata composed of clay, sand and shelly agglomerates, all evi- 
dently formed under the waters of the Caspian, are so saturated with naphtha, salt 
springs and iron ores, and are so altered, hardened and thrown about at various 
levels, that they acquaint us in terms too plain to be misunderstood, how these 
former sea-bottoms have been placed in their present position, and brought into 
their peculiar actual condition ; whilst huge masses of the coast cliffs (exceeding 
100 feet in height), remote from such lines of eruption, are seen to be composed of 
horizontal laydrs of unaltered shelly limestone of the Aralo-Caspian date*. In 
alluding to the naphtha springs, we are, however, touching upon phsenomena which, 
ancient as may have been their origin, are agents now actually ’effecting changes ; 
so dismissing for the present their consideration, we may revert to them towards 
the close of this work, as the last of a long series of causes of alteration in the 
outline of the earth. 

In the mean time we further glean from the travels of Captain Abbott, that in one 
district near the eastern shore of the Caspian, where the ground rises to consider- 
able altitude (1500 feet according to this author), viz. in the ridge between the 
Gulfs of Munghis-lak and Tiuk-kara, the hills are chiefly composed of red sand- 
stone. Having shown how Permian rocks of that character trend far to the south 
of Orenburg, and that they have been observed by other travellers near the sources* 
of the £mba, where they are associated with igneous rocks, we cannot avoid sug- 
gesting, that the hills of Munghis-lak, constituting a portion of the Ust-Urt, may 
be considered one of the terminal embranchments of the Ural. Baron Humboldt 
has, indeed, previously expressed his opinion, that the Ust-Urt is the direct pro- 
longation of the Mughodjar and Airuk hills, the southernmost rocky masses of that 

* Whilst we write, we are informed by our friend Colonel Helmcrsen, that another Russian traveller, 
M. Basiner, a botanist, has very recently explored the banks of the Aral Sea to Khivah, and that having 
there collected both fossil and recent shells, he will throw new light upon this interesting subject. Count 
Keyserling adds in another letter, that M. Basiner has brought back to St. Petersburgli shells of different 
tertiary age ; the Voluta ambigua (var. V. luctator) for example, found in the deep valleys, seems to indicate 
the presence of the London clay ; the Mactra ponderosa in an oolite must represent our miocene, p. 294 ; ^ 
whilst the superior masses are the steppe or our Aralo-Caspian limestones. 
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chain in which platonic rocks appear. The existence of red sandstones, probably 
palaeozoic, but at all events long anterior to the tertiary deposits, supports his view, 
whilst the presence of the recent steppe or Aralo-Caspian limestone over nearly 
the whole surface of this isthmus, proves decisively, that sea-bottoms of that age, 
elevated from north to south, and directly in the line of upheaval of the Ural Moun- 
tains, effected a great change in the physical outlines of these regions, at a period 
which, though geologically recent, must have been long antecedent to the historical 
sera. 

Having before stated that the Aralo-Caspian deposits repose, along their north- 
western frontier, upon older oceanic strata, it is clear, that subsequent to their 
accumulation, these last-mentioned beds and other submarine masses must have 
been heaved up and formed into barriers which prevented the spread of the ancient 
inland sea. It is also evident, that at a later period, a large portion of that sea 
was thrown off, and its bottom raised into great plateaux of steppe limestone. We 
venture to believe* that these results are distinctly referable to at least two periods 
of vibration between land and water, which took place before the earth’s surface 
was inhabited by our race. For as the steppe limestone above alluded to, has all 
the appearance of having been the shore of certain low and sandy steppes to which 
we now invite attention, so do we believe that the latter was still the abode of the 
same ancient, eastern Mediterranean, when its waters being considerably dimi- 
nished, entered into deep recesses, and united the present insulated seas by straits 
and channels, the bottoms of which have since become dry land. 

In thus carrying on the attention of the reader to this branch of inquiry, we beg, 
•however, to guard him against the inference, that other changes of sea and land in 
the North of Russia, particularly those which involve the great phsenomenon of the 
erratic blocks, may not have been effected anterior to some of the last desiccations 
of these lower steppes. We have merely deemed it expedient, when explaining the 
successive retirements of the Aralo-Caspian Sea, to consider in the same chapter 
the whole series of changes of adjacent sea-bottoms into continents, and to show 
that all such grand mutations are, properly speaking, geological phsenomena, which 
ought to be considered apart from superficial detritus not clearly proved to be sub- 
marine, as well as from minor undulations between land and water which have taken 
place within the historic aera. 

Lower Steppe deposits of the former Caspian . — Our readers will perceive that we 
have distinguished upon the Map, a large portion of Southern Russia by a lighter 
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tint of the colour used for No. 10. and by the sign 10'. This region includes the 
whole of the lower steppe of Astrakhan between the rivers Ural and Volga, which, 
passing down the western shores of the Caspian, extends, in a strait, to the west, 
over the low grounds of the Kalmucks, between the Caspian and the Sea of Azof, 
and again from the western shores of the latter by the isthmus of Perecop to the 
Black Sea below Kherson. The whole of this vast area was, we conceive, covered 
by the waters of the inland sea to which reference has just been made, at the com- 
paratively modern period when the Aralo-Caspian limestones had been so elevated 
as to form its shores. Our own acquaintance with the boundaries of this great 
area is limited to portions of its western and northern shores. Of the southern or 
Caucasian boundary, our knowledge is, of course, derived from Pallas and his nu- 
merous successors. Among the latter we must mention Mr. Strangways, who 
traversing many years ago the low steppe between South Russia, the Crimsea, and 
the Caucasus, visited the mineral sources and baths of Kislovodsk, and the group of 
mountains of which the Beshtau is the principal : Mr. Strangways has put into our 
hands some manuscript notices of the lower region, which it is very much to he 
regretted were not formerly published. 

Other travellers and naturalists have since visited that country, and those who 
desire to make themselves masters of the whole subject, particularly in reference 
to the tracts around the Sea of Azof and between that sea and the Caspian, will 
doubtless first study the works of Pallas, and then endeavour to synchronize the 
various elements of his details with modern geological science, by reference to tlic 
recent works of M. KupfFer, M. Dubois and M. Hommaire dc Hell. For our own 
parts, we shall chiefly dwell upon the portions of those low countries which we have 
seen, and on which, as they have been visited by few nmdern geologists, we hope U> 
be able to throw some light. Tliough a good notion of a large portion of the out- 
line of these lower steppes was first put forth by Pallas, the great naturalist seems to 
have entertained vague ideas respecting their eastern boundary. A few years ago 
it was, indeed, commonly supposed, that these same lower stej»j)cs extended fat to 
the east of the river Ural, and that coasting the southern termination of the Ural 
chain, they spread over vast tracts in Siberia, and possibly communicated with 
slightly elevated deserts adjacent to the northern seas. A glance at our Map will 
show that this view cannot be entertained ; for, however we may yet be unable to 
define the whole of their eastern boundary, many Russian observers, including Pro- 
fessor Eichwald, have ascertained, as before stated, that hilly grounds, composed 
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of various strata, occupy the left bank of the Ural and its tributaries, and that 
these are succeeded on the east by a band of Jurassic rocks extending across the 
river Emba, and pointing towards the Sea of Aral. 

Steppe of Astrakhan. — The whole of the low steppe between the Ural and the 
Volga, and which ranges from the watershed of the Obschey Sirt upon the north 
to the Delta of Astrakhan on the south, is (with the exception of the islets of Bogdo, 
Arsagar, &c.) apparently nothing but a desiccated sea-bottom. It is, in fact, en- 
tirely composed of sand, with occasional heaps of fine gravel, is rarely argillaceous 
and loamy, and is almost everywhere strewed over with shells or the debris of 
species, some of which are now living in the adjacent Caspian Sea, such as Mytilus 
polymorphus, Adacna edentula (Eichw.), and Didacna trigonoides {Cardium, Pall.) : 
others have not been found living, such as Mytilus rostriformis, Adacna protracta, 
and Monodacna catillus. The mean elevation of this steppe above the level of the 
Caspian does not exceed fifty feet, and as that sea is 83‘6 feet below the level of the 
ocean, as will be llereafter explained, it follows, that if the water of the Black Sea 
should, by any subsequent change of level of the intermediate land, find access to 
this region, nearly the whole steppe in question would be again submerged. The 
shelly sands, however, ascend insensibly to the north, or towards the Obschey Sirt. 
They also rise where they approach the isolated hills of Bogdo, whilst at Tchornoyar 
on the right bank of the Volga above Astrakhan, and near the western shores of 
the desiccated area, beds with Caspian shells are seen to occupy a thickness of 
about sixty feet above the stream, and in the following ascending order : — o. Lowest 
beds, sands in various courses, 35 feet. b. Bed Avith Casjjian shells, c. Brownish 
sandy clay or silt, which, on drying, scales off into irregular laminae, d. Yellowish 
argillaceous sand. 

Though one of us ' traversed this steppe from north-east to south-west, i. e. 
from Uralsk, to the banks of the Sarpa below Sarepta, and therefore in its greatest 
diameter, we have nothing else to state concerning its monotonous internal 
structure. Of its northern and western shore, which was followed by the re- 
mainder of our party, we have yet a few words to say. On the north it is com- 

* In traversing this steppe, which could not have been accomplished without the kind and active 
assistance of General Perovski, Count Keyserling visited the Khan of the Inner Kirghis in the heart of 
the steppe, who is tributary to Russia. Oases affording very tolerable sustenance for cattle occur at inter- 
vals, and the best fresh water is found by digging holes in the sand. This fact serves to substantiate 
the belief, that the steppe is saliferous in those spots only where springs rise from subjacent rocks con* 
taining salt. 
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posed of palaeozoic rocks rising gently into the Obschey Sirt, and forming the 
southern limb of the great Permian basin. The western coast is most decisively 
marked by the high grounds and promontories constituting the right bank of 
the Volga, which consisting, as we have shown, of Jurassic and cretaceous strata, 
rising several hundred feet above the stream, decline near Kamischine, under the 
tertiary strata. The latter ranging by Tzaritzin to Sarepta, occupy the left bank 
of the Sarpa, and there form the coast of a former Caspian (see Map), amid the 
desiccated and incoherent beds of which the Volga now finds its way to Astra- 
khan. No one, in truth, can have stood upon the promontories of the Volga and 
the Sarpa, and have observed their salient and re-entering angles, so like the worn 
coasts of the sea, nor have gazed, as we have done, over the vast expanse of lower 
steppe at his feet, covered with marine exuviae, some of them identical with forms 
now living in the Caspian, and others closely allied to them, without being con- 
vinced, that there was a period, — and at no very distant time in the history of the 
planet, — when the waves of a former Caspian washed against these shores. 

This, indeed, was the idea of our precursor Pallas, though he did not attempt, 
as we do, to refer this desiccation to epochs anterior to the historical sera. In 
illustrating his view, w'e must also say, that Pallas has made use of one argument 
which seems to be irrelevant. Observing towards the summit of the escarpment 
on the Sarpa near Sarepta, irregular concretions of agglutinated sand, which did 
not penetrate far into the body of the soft sandstone, he imagined them to be the 
remaining evidences of a peculiar action of the sea (by which such fonns are occa- 
sionally produced), when it stood at between 300 and 400 feet above the present 
level. As, however, we have repeatedly found similar, short and irregular sandy 
concretions in the tertiary sandstones of the South of Russia, to which, indeed, 
we have alluded — often far removed from any coast line — and as we could when 
on the spot discover no difference between them and the examples in the cliffs 
of the Sarpa which Pallas cites, we cannot admit that such configuration has any 
reference whatever to the action of a former Caspian. 

We shall now adduce other evidence derived from Mount Bogdo, and to which 
Pallas has also partially adverted, which in itself is a convincing proof, either of a 
former higher level of the Caspian, or of the elevation of the ancient cliffs of that 
great inland sea. In the Little Bogdo the sands with Caspian shells rise up in 
slopes, and so obscure the hill, that we may suppose it formed a shoal in the former 
sea. In the Great Bogdo, however, the same sand and shells reach only a certain 
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distance on its loftier sides, the upper portion of which might, therefore, from this 
circumstance alone, be set down as an islet of the former Caspian ; but we will now 
give independent reasons for our belief on this point. ITie chief escarpment of this 
hill which faces to the east, has been before described as consisting in ascending 
order of argillaceous marl, soft thin-bedded sandstone with harder siliceous reddish 
grit, red and white argillaceous marl, and a cap of grey-coloured limestone (p. 195 
and woodcut). 

The marly and easily decomposing beds, occurring between the hard limestone 
summit, and the sandstone and grit which form the shoulders of the hill, are neces- 
sarily much ravined and worn by ordinary action ; but beneath them, and at a 
moderate height above the talus of sands with Caspian shells, the nearly vertical 
face of the sandstone has been so singularly eroded, that we can attribute it 
to nothing but violent tidal action. It presents a line of hollows slightly 
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devious from horizontality, which, trumpet-mouthed, large, and 
much worn at their outer extremity, contract rapidly as the 
advance into the body of the rock which they penetrate 
obliquely upwards, traversing the lamime of deposit, and 
terminating in small cylindrical ends, as represented in 
this section. Such appearances (5) being evidently 
of mechanical origin, and wholly independent of the 
structure of the rock (since they traverse the beds a), 
cannot, we think, be so well explained by any known 
natural cause, as that of the upward lashing 
of the sea-surge ; and when we 
see the shells of a former 




Caspian (d) lying in an inclined talus precisely like those of a sea-shore, and at a 
few feet beneath the line of erosion on the rock, we can scarcely doubt that such 
has been the agent *. 

. In another portion of the hill, but on the same eastern face, a similar line of holes 
(c) is seen at a lower level, and beneath it is also a talus of sand and shells ; and 
from this we were led to infer, that the retreat was accomplished by at least two 
great oscillations of the surface. 


' Mount Arsagar in this steppe, which we did not visit, is also considered by Pallas to have been washed 
by the waves of the sea, as he found Caspian shells and rolled pebbles upon the summit of its alabaster 
rocks. 
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WhUst considering this phsenomenon it is worthy of remark, that the erosion is on 
the eastern face of the hill ; since from all we can learn this is still the point from 
which the most violent winds of these regions still proceed — the great land winds, 
in fact, of continental Asia. If not mistaken, we could adduce examples of inden- 
tations in sandstone, nearly similar to those of Mount Bogdo, made by the present 
sea upon the British cliffs ; and for ancient analogies we would refer to the deep 
cylindrical erosions of the surface of the chalk so common all over Western Europe. 

Whilst then we have indisputable proofs, from the general configuration of the 
masses of land which flank this lower steppe, that the bottom of a former Caspian 
was raised, the lines of water-worn holes in the vertical face of Mount Bogdo (evi- 
dently from its composition an islet in this former sea) are striking confirmations 
of the view, that such elevations were effected during two periods. 

Low Steppe df the Caucasus . — We wish it were in our power to give some 
sketch, from personal observation, of the southern extension of the tract above 
described into the low steppe of the Kalmucks, which constittites, in fact, its 
southern prolongation, and spreads over a large portion of the region between the 
Black and Caspian Seas. Although, however, we only trended a portion of its 
northern shore along the Sea of Azof, we know enough of it from Pallas and our 
precursors, as well as from Strangways, Eichwald and Hommaire, to Icel certain, 
that to a great extent it is of the same composition, and contains the same 
shells as the steppe we have described, and of which, indeed, it is the continua- 
tion. In some parts, the low Caucasian steppe, particularly along the course of 
the Kuma and for some distance from the Caspian, is more argillaceous than 
the larger portion of the Kirghis steppe ; resembling rather the deposits at Tchorno- 
yar. It is further remarkable in containing so much salt disseminated in the 
earth, that after the wet seasons, the water having evaporated, the desiccated 
surface throws off coats or efflorescences of muriate of soda. In reference to 
this phsenomenon, we must draw a distinction between the saline productions 
of the steppe north of Astrakhan and those of the lower steppe of the Caucasus. 
The former (as we have already seen, p. 196) are the products of subjacent and 
very ancient rocks (Permian, &c.), whose included masses of rock-salt give off 
perennial and copious springs, which, issuing through the overlying sandy beds 
of the desiccated Caspian, form highly saline pools and lakes. The latter, on the 
contrary, even where they are most saline (as along the banks of the Kuma), seem 
to be derived from troughs or cavities occupied by marine mud or mire, in which a 
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certain amount of salt is disseminated, and it is after copious rains only and in cer« 
tain seasons that they give off a saline effervescence. In many cases they appear to 
be the mere residue of salt marshes, which had been formerly overflowed by the sea. 
Pallas has, indeed, pointed out the distinction between these two classes of salt de- 
posit. “ None of the salt lakes and marshes on the western coast of the Caspian 
Sea have such a stratified incrustation of salt, gradually increasing , as may be ob- 
served in the lakes of Bogdo, Elton and Indersk, near the river Yaik. There the 
ample store is continually supplied and increased by rich salt springs ; whilst all 
the saline particles of the other salt lakes are completely dissolved by the rains of 
autumn and winter*.” 

To the clear distinction thus drawn by the great naturalist, before geology was 
a science, we have to add, that the copious perennial springs of the steppe of 
Astrakhan are derived from residual subterranean phsenomena of ofceanic character, 
accomplished during the palaeozoic aera, when intense mutations were brought about, 
and vast masses 'of crystalline rock-salt were formed, whilst the saliferous efflo- 
rescences of the marine mud of the steppes of the Caucasus are simply what we 
might expect to find in the retentive portions of the bed of a retired sea®, particu- 
larly in the contiguity of the great eruptive chain of the Caucasus®. 

We believe that all the lowest part of this vast steppe of the Caucasus bears the 
same relations to the younger tertiary rocks of the Crimsea and the Caucasus, as 
the low steppe of Astrakhan to the adjacent promontories in the south of Russia. 
We have therefore laid these tracts down upon our Map under one common 
tint (10'), intending thereby to convey the idea, that the waters once covered a 
sinuous tract between the Caucasus and Southern Russia, uniting the Caspian with 
the Sea of Azof and the Black Sea on the one side, and the Caspian with the Aral 
on the other, at a period when other beds of the same inland sea (the steppe lime- 
stones) had been elevated and formed to a great extent their shores. At the same 
time we are ready to admit, that a portion of the steppe of tl.e Caucasus may have 

' Pallas’s Travels through the Southern Provinces. English edition. 4to. p. 305. 

In the expedition of General De Berg from the Caspian to the Aral, the greatest obstacles to the 
passage of the guns and heavy baggage were similar oases of marine mud to the north of the Ust-Urt, 
which were not frozen hard, even when the thermometer stood many degrees below zero. 

’ In his work upon the Caucasus, M. Dubois has shown, that masses of rock-salt have been formed 
even in the tertiary deposits, by a conjunction of volcanic eruptions with the desiccation of ancient sea 
bottoms. The same results are indicated in the Isle of Tcheleken in the Caspian, where the springs of 
naphtha and salt issue from beneath the marine mud. (See Felkener ut supra, p. 310.) 



LEVEL OF THE PRESENT CASPIAN. 


3^1 

been desiccated at a more recent period than the steppe of Astrakhan. To what 
extent our colour representing the period intermediate between the elevation of the 
steppe limestones on the one hand and the true historic sera on the other, may be 
correct, particularly in the eastern portions to which we have extended it, must be 
hereafter the subject of critical research. But both these divisions of the former or 
great Aralo-Caspian epoch were, we doubt not, antecedent to historic records. 

The old opinion of the eastern extension of a vast Caspian* of all but historical 

1 The exact and definitive results of the operations carried out by the Imperial Government to deter- 
mine the true level of the Caspian, executed by the able mathematicians Fuss, Sawitch and Sabler. havi 
been recently communicated to us by M. Struve, the distinguished astronomer, under whom the observa- 
tions were compared. Four trigonometrical levellings, between the Sea of Azof and the Caspian, were 
madci independently of each other, and the results of each were as follows : 

The levelling of M. G. Fuss gave the depression of the Caspian = 85*0 English feet. 

Sawitch „ „ = 83*2 

(1st) Sabler .. „ = 83*9 

(2nd) Sabler „ ,, = 8^*0 

ITie combination, therefore, of these very closely agreeing observations, gives a mean result of 83*6* En- 

glish feet, and reduces the possible error to 1*3 foot of more or less dej)rcssion. 

The operations commenced on the shore of the Sea of Azof near the village Kagalnik (see Map), and 
the following table explains the position and height of the ground at the places where observations were 
made : — 


Approximate distance from Height above the 

the Sea of Azof. Black Sea. 


Kagalnitskaya (station) 

70 versts 

112 English feet 

Novo Egorlich (village) 

120 

348 

Sredny Egorlich (village) 

150 

237 

Letnitskoi (village) 

200 

184 

Novo-Troitskaya (station) 

250 

495 

Stavropol (city), on the highest ground ] 
between the two seas J 

*300 

1688 

Alexandrov (borough) 

380 

1020 

Georgievsk (city) 

440 

970 

Ekaterinograd (station, formerly a city) 

520 

613 

Mosdok (city) 

560 

432 

Navur (station) 

610 

308 


The steppe is cut by the level of the Black Sea at the distance of seventy versts from the Caspian and 
eight versts to the west of the station Sukhoborosdiask. 0 

Kisliar (city) fifty versts from the Caspian — 27^ 

Tchemoi-Rinok (village) three versts from the Caspian — 71° 

The two last mentioned places are, therefore, 27 and 71 feet below the level of the Black Sea. 

In saying that we confidently rely upon the high authorities above-mentioned, it is right to state, that 
M. Hommaire de Hell having made a series of levellings from the mouth of the Kuma on the east to that 
of the Manitch on the west, i . e. along the low banks of these two rivers, the result of his operation is, that 
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date, 'was, indeed, likely to prevail, at a period when it was not ascertained, whether 
the fossils of the steppe limestone ditfered or not from the shells of existing na- 
ture ; and when, from the want of accurate admeasurements of the relative heights 
of land and water it was imagined, that the whole of this region was a depression 
on the surface of the earth ; the present Caspian Sea being supposed to be more 
than 300 feet below the level of the ocean. The Russian researches, to which 
allusion has been made, have, however, removed this obscurity. They have taught 
us that the Caspian is 83-6 English feet only beneath the Black Sea. It has been 
further ascertained, that the Caspian and Aral are separated by the broad and lofty 
isthmus of the Ust-Urt, which from its condition and contents must have been 
formed long antecedent to the historic sera ; and lastly, it is now supposed by 
other observers, that the Aral being 1 1 7 feet above the Caspian, is consequently 
33'4 feet above the Black Sea, Mediterranean and ocean (see section, p, 311). 

These great differences of level in masses of water, whose shores are occupied by 
limestones which must have been accumulated under the same inland sea, were 
clearly effected in very ancient periods ; for independent of the prodigious altera- 
tion in the physical outline of these countries, caused by the elevation of former 
sea-bottoms and their erection into barriers which now separate the Aral and 
Caspian seas, we find that a considerable proportion of the fossilized shells are no 
longer living in the adjacent Caspian, and thus, independently of the great muta- 
tions of surface, we are compelled to believe, that the steppe limestones are, in 
relation to our own age, of high antiquity. In like manner, though to a less ex- 
tent, we draw the same inference concerning the greater part of the low steppes ; 
for although from their relations and “ facies ” these sands have evidently been de- 
siccated at a period subsequent to the elevated steppe limestone which constitutes 
their shores, they contain some of its shells, and among them species now unknown in 
the Caspian. The calcareous hills, and the low, sandy and argillaceous bottoms of 
the steppe, we consider, therefore, to be signs of two retreats of the same pristine sea, 

the Caapinn is 18 met. 30 cent., or 60*04 English feet only lower than the Sea of Azof! (See Bull, de la 
Soc. G6ol. de France, vol. xiv. p. 322.) This determination, with many other admeasurements, is about 
to appear in a work entitled Les Steppes de la Mer Caspienne,’* some livraisons of which, already before 
usj do great credit both to the artistical and literary accomplishments of Madame Hommaire, who accom- 
panied her husband in his laborious survey of these Kalmuck steppes. With every respect however for 
this author, we really consider it impossible that his one line of observations can be placed in competition 
with the quadruple and closely compared data of the Russian mathematicians, to whose results, in com- 
mon with Baron Humboldt, we attach implicit confidence. See this line of levels on Map. — May 1844. 
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whose relics have been mentioned, or as we would express it, of two elevations of 
the land, during the long period whilst the surface was assuming its present out- 
line. In reference to the former Eastern Mediterranean, we can well imagine how 
similar species should have exclusively prevailed over so vast an area, so long as 
the same waters covered all the low tracts from the low country south-west of 
Orenburg to the Black Sea, and how a sensible change of animal life should have 
accompanied the diminution of the Caspian to its present dimensions and the union 
of the Black and Mediterranean Seas. 

General vieto of the Caspian Deposits . — In terminating our reflections upon the 
Aralo-Caspian deposits, we beg to impress upon the reader, that without attempt- 
ing to enter into details, our principal object has been to demonstrate the existence 
of a former vast, interior brackish sea, the remains of which have an uniform, 
limited and peculiar physiognomy, which cannot fail to be regarded as one of the 
most singular features in the ancient condition of the surface of the globe which mo- 
dern researches have brought to light. Though the effort to synchronize precisely 
these Caspian deposits with oceanic marine strata of other parts of the world is 
obviously no easy matter, we have still good grounds for believing, that on the 
whole they are the equivalents of Pliocene and Post-Pliocene deposits ; for on the 
one hand they clearly overlie strata of Miocene age, and on the other arc inti- 
mately linked on to the inhabitants of the present Caspian. 

In respect to the actual degree of saltness of the Caspian, the analyses ot 
M. Gobel, on which we rely (p. 308 ), are strengthened by the opinion of M. Eich- 
wald, who thus writes : — “ I can assure you that the Caspian is much less salt 
than the Black Sea, and possesses one-sixth part only of the saltness of the ocean! 
Its water, however, is very acrid and disagreeable to the taste on account of the 
bitter salts and naphtha which it contains in such quantities that few animals can 
now exist in it'.” 

We have already explained, that we believe the great saltncss of some parts of 
this sea is due to brine springs issuing from the bowels of the earth — often from 
rocks formed long anterior to the eai'liest Caspian deposits. But whether this be 
so or not, we base our general inferences upon the simple fact, that shelhs iden- 
tical with those now living in the Caspian — to the exclusion of nearly every oceame 
species — are spread over the lands of vast countries, and have been left at dit- 

• Letter to M. de VeraeuU, in which M. Eichwold, extending this reasoning, infers, that the former 
Caspian probably contained more species than the present sea (May 1844). 
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ferent and considerable altitudes. Whilst, therefore, we specially invite the atten- 
tion of geologists to the grandeur and peculiarity of this former internal sea, we 
think that its diminution to the size of the present Caspian and Aral seas, is 
mainly due to oscillations of its former bottom. The eruptive rocks which range 
along the Crimaea, the Caucasus and the Balkhan of Khwarezm, are fortunately 
at hand to explain, that as igneous matter in various forms has sought an issue at 
many points in those contiguous mountains, partially raising up sedimentary depo- 
sits, and changing their mineral aspect and condition ; so probably have internal, 
widely acting expansive forces, derived from the same deep-seated source, heaved 
up, in broad horizontal masses, to the different levels at which we now find them, 
the beds of the former great Caspian Sea. Such elevations would very naturally, 
we contend, be accompanied by adjacent depressions, and thus we would explain 
the low position of the Caspian Sea, and such portions of land around it, as are 
admitted by all observers to lie beneath the surface of the ocean. 

Lastly, by the tiat upon our Map (10'), which extends over the lower steppes, we 
merely seek to indicate a period, when the great and earlier Caspian had, by the 
elevation of its bottom, undergone a very notable diminution in size. Our con- 
clusion, that this intermediate condition — when such large tracts of our present dry 
lands were still covered by water, — was antecedent to our own sera, is, we may 
observe, strengthened by the absence of all traces of man or of his works in any of 
the most recent or lower, sandy deposits of these steppes. The remains of Mam- 
moths occur, indeed, in the sands and mud of the most recent of these desiccated 
Caspians with Mytili and shells adherent to them, showing by what races the ad- 
jacent lands were inhabited, when the waters of a Caspian covered the steppe of 
Astrakhan. On these terrestrial subjects, however, we shall not now dilate, though 
in the sequel we shall endeavour to explain the nature of the agency by which all 
these changes of land and water were brought about, and to indicate how the same 
causes, operating with much less intensity than in the preceding epochs, have 
produced comparatively small relative oscillations only within the historic age. 


Northern extension of a former Caspian, — M. Jasikoff has just communicated 
to us the interesting fact of the extension of Aralo-Caspian deposits considerably 
to the north of the limits with which we were acquainted. The most southern 
of these masses occurs in the low steppe on the left bank of the Volga, opposite 



OCEANIC DEPOSITS IN THE UST-URT. 


326 


the cities of Volsk and Sysran, and probably communicating with the same de- 
posits in the large steppe of Astrakhan, ranges northwards to the junction of 
the Motsha and Kundurstsha rivers. The northern Aralo-Caspian tract, called 
by M. JasikolF the “ Basin of Bulgar,” is, according to him, quite insulated and 
separated from that of the south by the carboniferous rocks described p. 85, 
which form the promontory of the Volga near Samara, and by the Permian deposits ; 
from whence it ranges northwards on the left bank of the Volga beyond Simbirsk, 
to the environs of Tetushi and Spask. Throughout these tracts, which are sandy 
steppes, reposing, as we believe, upon our Permian rocks, M, Jasikoff has found 
the Mytilus polymorphus and other Aralo-Caspian shells, and has thus added proofs 
of another arm, perhaps a detached bay or fiord ?, of a former Caspian Sea, into 
which the Volga of that day emptied itself in 55° north latitude (see Map). 

Oceanic Deposits in the Ust- Urt. — Uncertainty as to the real Level of the Aral Sea . — 
In the absence of any geological survey of the Ust-Urt or wild plateau between 
the Caspian and the Aral, the description of its southern portion 6y Captain Abbott, 
the presence of a shell described by Eichwald as Cyclas Ust-uertcnds, as well as the 
account of the monotony of the tract given by the party which accompanied Gene- 
ral De Berg (see p. 310), have all led us to infer, that the older Caspian deposits 
which unquestionably form the clifts of the Sea of Aral as well as of the Caspian, 
extended continuously over the whole tract which rises to a maximum height of 731 
feet. An excursion to St. Petersburg!! since the preceding sheets were printed has 
induced Mr. Murchison to modify this opinion. After inspecting certain fossils 
collected on part of the higher grounds of the Ust-Urt by M. Basiner, to whom 
allusion has already been made, and submitted to him by Colonel Helmersen, he had 
no hesitation in agreeing with the latter, that these shells and the oolitic marly lime- 
stone in which they occur are of oceanic character, and synchronous in age with the 
uppermost Miocene deposits of Podolia, Bessarabia, and Taganrog already alluded to. 

According to M. Basiner, these beds appear to have been upheaved into a plateau, 
which formed the western shore of a former Aral Sea. In our view, which sup- 
poses the previous union of that sea with the Caspian, we would suggest that these 
upraised oceanic deposits may have constituted an island in the great Aralo-Cas- 
pian brackish sea. Future surveys must determine this point, and decide whether 
the earliest Caspian waters may have communicated with those of the Aral by a 
northern strait ; for to the south there must have been a communication over the 
low steppes and one of a very broad character. In the mean time, the facts before 
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US compel us to reduce to more moderate limits than we assigned to them, the 
oscillations to which the bottom of the old and extended Caspian has been sub- 
jected. According to M. Basiner, the deposits charged with true Caspian shells, 
as seen on the western shores of the Aral, do not rise to more than 150 or 200 
feet above that sea, and form a sort of undercliff or low buttress between it and 
the higher plateau of the Ust-Urt. This elevation agrees with that of the steppe 
limestone which we observed on the shores of the Sea of Azof and Black Sea. 

We willingly take this opportunity of thanking Colonel Helmersen for his timely 
correction of our ideas concerning a region as yet unknown personally to any prac- 
tical geologist : and in referring to a memoir which he is preparing, in illustration 
of the geological fruits of M. Basiner’s journey, we also beg to say, that to his 
friendly communication we owe our first acquaintance with the existence of a band 
of eruptive rock (Shik Djeli) on the right bank of the Oxus, to the north-east of 
Khiva. To this important feature a reference will be made when we come to con- 
sider the true southern prolongation of the great Uralian chain. 

In reference to the real level of the Aral, it is right to observe, that some Rus- 
sian travellers, particularly M. N.Khanikoff, who has obligingly communicated to us 
his views, are of opinion', that the determination of the height of that sea by mere 
barometrical observation is not to be depended on®. From a general survey of the 
surrounding regions, including an estimate of the fall of the Oxus from its sources 
to its mouth, and from the level of the country between its western bank and the 
Caspian, M. Khanikoff is of opinion, that there is no material difference between the 
level of the Aral and the Caspian, and that the former, like the latter, will be found 
to lie in a depression of the earth’s surface In our previous reasoning we took 
the usually recognised data, and simply followed Humboldt. But even should 
M. Khanikoff ’s view be substantiated, our general reasoning respecting the oscilla- 
tions of the bottom of the great former Caspian, and its brackish inhabitants, will 
not be affected, though the intensity which we have assigned to such vibrations 
must be diminished. 

' See M. N. KhanikofF's work on Bukhara, with maps. St. Petersburgh, 1843 . 

« There is a prevalent opinion among those who have travelled into the steppes, that the barometer is 
not to be there trusted as a test of height. Without again alluding to the error into which geographers 
were led as to the real depression of the Caspian, it is said that from a mean of twelve observations in 
the Siberian steppes, an observer recently obtained for a result, that the ground between the Ui and the 
Tobol rivers was beneath the ocean, and yet these streams have a course of hundreds of miles before they 
reach it ! 
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In throwing his eye over our Map, the geographical reader will not fail to distin- 
guish some slight new contours of the shores of the Aral, particularly towards 
the north. For these, and the extension of the plateau towards the north-eastern 
angle of the sea, we are indebted to Captain Romanoff, of the Imperial Staff-Corps, 
who surveyed the ground. According to this intelligent officer, the island of some 
size which has so long found a place in our maps is a fable, which probably origi- 
nated in the allegorical style of the Kirghis inhabitants of the steppes, who spoke 
of it as a spot “ from whence no man returns.” Numerous low islands, however, 
occur near the mouth of the Sir or Jaxartes, and all the northern shores exhibit 
low cliffs of marl and steppe limestone. 

Shelly Sea-Bottoms — Post Pliocene or Pleistocene Beds in North-eastern Russia 
in Europe. — Let us now transport our readers to the north of Russia, and introduce 
to their notice certain raised bottoms of the Arctic Sea. Throughout a vast re- 
gion of Northern Russia no traces have been detected of tertiary deposits of 
Eocene, Miocene or Pliocene age. We have, indeed, already shown, that the 
whole of the subsoil of an enormous northern area, with the exception of some 
patches of Jurassic strata, is occupied by Palaeozoic rocks, the surfaces of which 
are, to a great extent, obscured by sand, clay and blocks of northern origin. To 
the consideration of these last-mentioned superficial accumulations we shall here- 
after advert, and we now proceed to describe certain true sea-bottoms which we 
ourselves discovered. 

That beds of sand and mud, containing marine “hells, the most of which are 
undistinguishable from existing species, occur at various levels above the sea, and 
particularly near the eastern shores of Sweden and the western coasts of Nor- 
way, has long been known ; but it was still a problem whether this phainomenon 
extended eastwards into Russia. No deposits of this age had ever been found in 
Finland, or near St. Petersburgh and the adjacent Baltic governments ; but in 
ascending the banks of the Dwina from Archangel, it was our good fortune to 
observe certain beds, which from their structure, fine lamination and thickness, 
indicated the action of slow and long-continued deposit, whilst the shells abound- 
ing in them (almost undistinguishable from those of the adjacent White Sea) 
announced that this tract was submerged during a very recent period. We first 
noticed these beds on the right bank of the Dwina opposite the post station of 
Schastozerskaya, about 240 versts above the city of Archangel. At this spot we 
were much surprised to find a profusion of shells having a very modern aspect, 

2 u2 
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regularly imbedded in clay and sand of about ten feet in thickness, which, covered 
by about twenty feet of the coarse gravel and detritus of the country, reposed at 
once on bands of red and white gypsum, subordinate to red marls, which form a 
part of the rocks we have called Permian. The annexed woodcut conveys an idea 
of this order. 



We afterwards found similar beds on the right bank of the Vaga two stations 
further to the south. At the latter they rest on strata of the Permian limestone 
which we have before described, p. 174. As both these localities were seen to 
be in the valley of the Dwina or in one of its indentations, we had not at that 
time (1840) an opportunity of ascertaining, whether these shelly deposits extended 
continuously to any distance east and west ; but our colleague. Count Keyserling, 
having retraversed the tract during the summer of 1843, has discovered, that in the 
sections on the river banks of the upper portion of the Vaga, such shelly beds 
are not visible. We might, therefore, view them as relics of the sea, when the 
present embouchure of the Dwina was a bay or estuary which entered for upwards 
of 250 versts southwards into the adjacent low lands. At the same time it is ne- 
cessary to remember, that these shelly beds are covered by sand and gravel, which 
we should have great difficulty in separating from the superficial northern drift. 
A recent excursion through Sweden has, indeed, convinced us, that in the neigh- 
bourhood of Upsala, marine post-pliocene deposits containing the Tellina Bal- 
tica, are there covered by coarse gravel and large erratic blocks, as stated by 
Mr. Lyellh 

Some of the shells on the banks of the Dwina and Vaga, which have been pre- 
served in the blue clay or marine mud, and thereby totally excluded from atmo- 
spheric influence, have retained all the freshness of their original colour, with their 


> See Phil. IVans. 1835, Part I. 
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valves often adherent ; and the whole, even when blanched, are generally in an 
excellent state of preservation. The collection we made (the work of two or three 
hours) has been examined by Dr. Beck of Copenhagen, Mr. Smith of Jordan Hill, 
Scotland, Mr. Lyeli and Mr. G. Sowerby, all of them well versed in the forms of 
shells which occur in raised sea-beds. 

Dr. Beck considers all the species examined by him (fifteen in number) to be 
identical with those now existing in northern seas which range from 42° to 84® 
north latitude. Mr. Smith, on the contrary, believes that though many of these 
species are recent, some are of peculiar varieties now found in desiccated and ele- 
vated sea-beaches only, such as those to which he has given so much attention on 
the banks of the Clyde and the western shores of Scotland. Mr. Lyell entertains 
the same view, and at once recognizes the group as identical with that which he 
had described from Uddevalla in Sweden. Lastly, Mr. G Sowerby, differing from 
Mr. Smith in a few specific identifications, is also of opinion, that the shells of 
which we now subjoin a description, though on the whole an association of exist- 
ing species, have yet among them forms seldom, if ever, found except in raised 
sea bottoms of a sub-fossil character. 


List of Shells found upon the Dwina and at Ust-Vaga, named by Mr. Smith 
and Dr. Beck, with remarks by Mr. G. Sowerby. 


1. Saxicava arctica {Striatella arctira, Mya hyssifvra, O. Fbr.). — May be regarded aa a distinct Hpeeies 

from S. riigosa ; but it is also found living from the Arctic regions to 54° north latitude. 

2. Mya truncata, Linn. — Recent in northern seas ; fossil in manv localities. (Uddevalla, &c.) 

2 0. Mya ?. — It is difficult to decide whether or not this should be regarded as merely a variety oftlie lust, 

or a distinct species. It is found fossil in several localities, but 1 doubt if it has been found recent. ^ 

3. Littorina littorea, Ferr. — very abundant recent species between 74° and 42° north latitude. 


4. 

5. 


Pecten 


Islandicus, — 


{ 


Recent ; 
Fossil ; 


Newfoundland, and to 50° north latitude. 
Clyde, Bute (Uddevalla). 


Nucula rostrata, Lam. —A living northern form = N. ohlonya of Mr. Smith's list. 


0. Tellina calcarea, Chemn. — Also living in northern latitudes, towards north latitude, (fossil at Ldde- 


valla, &c.) 

7. mUnaGroetUandico 1 Both these fossil species of Ust-Vaga are widely diffused in a living state, (l ossil 

8. Mytilui edulis / at Uddevalla, &c.) 

9. Cardium ciliatum}, O. Fbr. Faun. Gr. (U. /sWiewm, Chemn.) -If this be the Curdium viliatum, uu 

entirely unacquainted with that species in England. The form, as far as may be judged from the vLr\ 
incomplete specimens, approaches nearer to some Australian than to northern formn. It is verj dif 
ferent from any northern form that I am acquainted with. 

10. Cardium Grasnlandicum, — Probably the same as the recent species. 

11. Cardtum edale, Linn. — Ranges to 42° north latitude. 

12. Astarte Borealis, Nilsson (Crassina Withami, Smith). — Recent northern species, 00 north latitude , fussi 

but not recent in the Clyde (Dr. Beck identifies it with A, smisulcata. Gray). 
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13. Astarie sulcata, Nilsson (not Fenus Scotica, De Montf.), but very near to, if not identical with, the recent 
Astarte Garenais, Auct. Scot. These specimens, which are marked A» Gareruis by Mr. Smith, 
together with those marked A, elliptica by him, are positively identified with the fossil Astarte of 
the Clyde, which he also calls A, Garensia, (Dr. Beck identifies it with A. Scotica,) 

Astarte Damnoniensis, Lam. — Living in 55°, 56° north latitude. Among the species of Astarte submitted to 
me there is no one to which this name can properly be attached. 

Astarte compressa (Fenus comprossa, Mont.). — Why Mr. Smith has called this A, depressa I know not, 
since it must be considered identical with our British recent Fenus compressa of Montagu. These 
fossils are even closer in resemblance to the recent species than the Clyde fossils. 

16. Astarte multicostata}. Smith. 

1 7. Astarte depressa ?, Smith. — Those shells which Mr. Smith has called A, Damnoniensis are essentially different 

from that species, os well as from every other recent Astarte known to me. This species seems to 
me identical with the fossil named A. depressa by Mr. Smith. 

18. Natica clausa, — Recent in northern seas and fossil in the Clyde. (Fossil at Uddevalla, &c.) 

19. Buccinum undatum, - A rather slender variety. 

20. Fusus carinatus, Lam. — Same as the recent species. 

21. Balanus 8ulcaUis,\j\iiii , — Ranges to 54° north latitude. 

22. Nucula rostrata, Lam. nec Sow. — 65° to 54° north lat. 

23. ' n.s. — Recent at Spitzbergen. 


-These occur in Dr. Beck's list onlyL 


After the opinions of such naturalists (however the identity of a species or two 
may be contested), there can, we presume, exist no doubt, that our deposits of the 
Dwina and the Vaga are analogous to those described by numerous authors as 
forming ancient raised beaches (Post -Pliocene) at different levels in the British 
Isles, Sweden, Norway, &c. 

Deposits also of a precisely similar nature occur, here and there, on the coasts 
of the Gulph of St. Lawrence. They have been observed by Captain Bayfield, R.N. 
in the environs of Quebec, at heights varying from 50 to 200 feet above the sea®. 
Air. Logan has followed them inland towards Montreal, where they reach an ele- 
vation of four hundred and sixty feet above the Atlantic'* ; and it is very remarkable, 
that they contain very nearly the same group of shells as the deposits of the North 
of Europe, the most frequent species in both countries being Mya truncata, 8axi- 
cava rugosa, Tellina calcarea, T. Groenlandica, Mytilus edulis, Pecten Islandieus, and 
Natica clausa. The wide distribution of these Arctic shells is a most remarkable 
fact, and one from which we may infer, that if the climate was then colder than it 
is at the present day, the distribution of temperature over a large portion of the 

' That Dr. Beck may have seen some species not examined by Mr, G. Sowerby is very probable, as 
the former was supplied with a collection from the same locality in the possession of M. E. de Ver- 
neuil, the latter by one brought to England by Mr. Murchison. 

^ Geological Proceedings, vol. iii. p. 119, and Trans. Geol. Soc. 2nd scr., vol.vi. p. 135. 

’ Proceedings of Geol. Soc. vol. iii. p. 769. 
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northern hemisphere was nearly the same. To this point, however, we shall re- 
turn in a concluding chafer of Part II., when we consider the transport of erratic 
blocks. 

In previous pages we have more than once adverted to the strict conformity 
with which deposits of very different age succeed each other in various parts of 
Russia, and we have guarded our readers against the inference, that such relations 
should be taken as any proof of the overlying stratum having been formed imme- 
diately after that which is subjacent. We now adduce still stronger evidence, that 
great oscillations between land and water must have taken place, without in the 
slightest degree deranging the position of the strata of anterior epochs, which, for- 
merly depressed beneath the sea, were raised to the surface, and now form part of 
the continent. 


A section nekr the mouth of the Vaga exhibits the same post-pliocene beds 
perfectly conformable to limestones with Product! and corals of the Permian rocks, 


as expressed in this wood- 
cut. If unacquainted with 
the great distinctions between 
the Palaeozoic shells beneath, 
and those of post-pliocene 
age above, an observer might 
indeed, be here led to view 
them as parts of an undi- 



vided or unbroken series ; but geology teaches us, that an enormous interval 


elapsed between their formation, during which the older Permian strata, first 
elevated and removed from the influence of marine deposits, were, after a long 


lapse of ages, submerged and covered by the sand and mud with post-pliocenc 
shells, and afterwards raised into their present position. And yet with all this 
oscillation, these shells being now about 150 feet above the sea, the most perfect 
parallelism between the two sets of strata is preserved*. 

In speaking of this amount of elevation, it is important to recollect, that the beds 
at Uddevalla, 1000 miles distant from those of the Dwina, and in which some of 
the same species are found, are about 200 feet above the sea, and that similar beds 


’ Considering tbnt the Dwina descends from Ust-Vaga to Archangel, a distance of about 240 versts, 
it is not unreasonable to suppose, that the pleistocene beds at the former place lie at the height of 150 
feet, and barometrical observations of Count Keyserling lead to the same inference. 
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in Norway and America occur at various levels from 40 to 600 feet‘. Now as we 
necessarily infer, that waters containing identical oceanic species must have stood 
at the same level, and cannot have lain at such different heights within the same 
recent period, no reasonable hypothesis can be entertained, except that to which we 
have alluded in speaking of the former Caspian deposits, and which refers these 
different levels of the same sea-beds to different degrees of elevation. It is, indeed, 
almost unnecessary, in the present state of geological science, to sustain by our 
northern examples, that which has been so clearly demonstrated around the coasts 
of the British Isles and North America, and of which such decisive proofs have 
been already adduced in this work from the South of Russia. 

The nature and origin of the superficial detritus which covers these Arctic shells 
will be hereafter explained ; but we may here, however, remark, that the coarse 
gravel and sand, which surmount the beds of shells upon the Vaga*and the Dwina, 
and which we cannot well separate from the erratic block phsenomenon, must all 
have been accumulated under water. 

We may now say a few words upon the nature of the other recent marine deposits 
in the north-east of Russia, to which allusion has previously been made, though we 
are not yet furnished with full details. Fragments of sea-shells, apparently of ex- 
isting Arctic forms, have been observed by Count Keyserling (1843) in many parts 
of the valley of the Petchora, extending inland to upwards of 3° of latitude south 
of the mouth of that river (68| to 6.5^ north latitude), on the banks of which 
they are strewed about upon argillaceous slopes, for the most part composed of 
Jurassic shale. They do not, however, show themselves in regular beds, like those 
of the Dwina or the Vaga. 

This observation of our friend is valuable in enabling us to form a more correct 
opinion now than during our first tour, respecting the relations of some of these 
sea-bottoms to other superficial detritus. He has remarked, that the shells are 
found in the depression of the great valley of the Petchora only, and never on the 
plateaux, nor even in the tributaries of that river which descend from and cut 
through such plateaux, and hence he believes, that such shelly deposits were 
formed in an estuary of the northern ocean, which penetrated into a continent 
that had already, to a great extent, assumed its present contour. In fact, we 

* For more details upon the subject of the elevation of the coasts of Norway, we recommend our 
readers to peruse the highly instructive memoir of M. Elie de Beaumont, entitled ” Rapport sur un M6- 
moire de M. Bravais" (Extrait des Comptes Rendus h I’Acad. des Sciences, 31 Oct. 1842). 
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distinctly learn from him, that whilst these modern shells extend along the valley 
of the Petchora or its slopes, the higher grounds are occupied by sand, gravel and 
clay, containing here and there the bones of Mammoths. His inference, therefore, 
is that bays of the sea (such as that of the Petchora) , in which the Arctic shells 
lived, entered far into low lands, the interior of which were then inhabited by 
great extinct Mammalia ; and thus it would appear, that these last raised shelly 
oceanic deposits of the north are probably in the parallel (as to time) of the desic- 
cated steppe of Astrakhan, into which the remains of similar mammals were 
washed from the adjacent lands of those regions. For, as no regular beds with 
subfossil shells, covered with gravel and sand, like those upon the Dwina and the 
Vaga, have been observed upon the Petchora, it may, after all, be maintained, that 
the broken and superficial shells in the latter tract are marine residue of a still 
more recent elevation. 

Upon this point, however, some uncertainty must prevail, until a greater number 
of species of shells be collected and the tract be more examined.* 

Conclusion of Parti . — If we at once proceeded to comjdete our geological sketch 
of Russia in Europe, we ought now to enter ujmn the discussion of the relative 
antiquity of other superficial deposits in which no sea-shell s occur, such as the 
coarse detritus with foreign blocks, the “ black earth,” the Mammoth alluvia, &c. 
Before we do so, however, the structure and outlines of the great regions inha- 
bited by lost species of mammals, as well as the relation of the Ural Mountains to 
the adjacent parts of Siberia and Russia, must be explained, both anterior to and 
during those comparatively recent periods. Although, therefore, wide tracts in 
Northern Russia are covered with varied detritus of sand, clay, erratic northern ‘ 
blocks and black earth, nearly all of which were, we believe, deposited under water, 
we think it expedient, for the better comprehension of the whole subject, to defer 
that discussion. 

Some naturalists have, indeed, regarded the pha;nomenon of erratic blocks as 
one of a purely terrestrial nature, and have connected their transport with the 
movement of enormous glaciers over the surface of the earth. Differing as we do 
entirely from such a hypothesis, in reference to the detritus of Russia, we beg to 
argue that case separately and entirely upon its own merits. Before, however, we 
venture upon this difficult question, the whole of the data must be got together ; 
for unless the reader shall have previously obtained a clear conception of the ante- 
cedent changes by which the relations of land and water were established, he will 
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have great difficulty in following our reasoning upon the origin of certain great 
surface-accumulations which are yet undescribed. 

In the part of the work which we now conclude, we have, indeed, purposely 
avoided any interference with our main object, of presenting to the reader a clear 
description of the materials which have been progressively accumulated under the 
waters. 

This first division of the geological history of so large an empire is simply, 
therefore, to be viewed as an effort to describe the long submarine succession' 
which is exhibited in the solid frame-work of European Russia, — a succession 
which we have now traced from the earliest animal epoch, to a period in which the 
shelly remains of the sea approach very closely to those of our own aera. 

^ See Tabular View attached to the Map. • 


END OF PART 1. 
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CHAPTER XIV. 


THE URAL MOUNTAINS. 

Introductory Remarks. — General Sketch of the Ural Mountains. — Difficulties opposed 
to their complete exploration. — The colonized or Russian portion of the Chain the 
chief object of the present Work. — Prevalent physical features. — Practicable routes 
and navigable streams. — Zavods or Mines, and their inhabitants. — Maps and Sec- 
tions. — Method of developing our geological views. 

Though the Ural Mountains have been examined during more than a century 
and a quarter, and although many of their rocks and minerals have been described 
by men of science, their true geological structure has not yet been sufficiently 
explained. This statement should not, however, excite surprise. Considering the 
short space which has elapsed since the conquest of Siberia, and up to how recent 
a time these mountain tracts remained in a st'^te of impenetrable forest, inha- 
bited by idolatrous Voguls and Ostiaks upon the north and Mahomedan Bashkirs^ 
on the south, we ought rather to feel astonishment at the rate with which the re- 
gion has been cleared and civilized through the introduction of European manners 
and mining industry. 

When Peter the Great, with a keen perception of the surest methods of advan- 
cing his empire, selected the first Demidoff, to explore the iron-ores of these moun- 
tains, he laid the foundation of the great native mineral wealth, which now so 
conspicuously distinguishes Russia from all the surrounding nations. The earliest 
mining establishments or Zavods planted by that great sovereign are still the 
centres of activity, and have served as models after which numerous other works 
have been formed, both by the government and private speculators. 

In the days of Pallas, geology was so little understood (a few gold-mines only 
being known and a great portion of the country unreclaimed), that the descriptions 
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of the great naturalist are chiefly to be viewed as vivid portraits of living nature. 
As such, indeed, his observations have well stood the test of time, and small glean- 
ings only have remained for those who followed him. 

Since that time, the Russian miners, learning their first lessons from foreigners, 
have become a well-informed class, independent of extraneous aid, and their di- 
rectors (officers of the Imperial School of Mines) have described the lithological 
and mineral characters of the country, around their respective posts, with great 
fidelity. Some of these works, to which we shall hereafter allude, are illustrated 
by maps, and for a further acquaintance with them we request our readers to 
consult the instructive volumes of the Mining Corps. Among these authors they 
will not fail to distinguish Colonel Helmersen, for his determination of the chief 
heights, for his graphic sketch of the general features of the mountain range, as 
contrasted with the remote Altai, and for many geological and lithological distinc- 
tions, made in conjunction with his associate Professor Hoffman*. 

In our own da^, Humboldt, however, is the individual who has given a cos- 
mical importance to this chain, by showing how, in common with other mountains 
which have, what he terms, a meridian direction, it possesses auriferous and pecu- 
liar metalliferous characters. By his comprehensive general views, the illustrious 
traveller and his enlightened companion, Mr. G. Rose, have also gone far towards 
rendering the task of geologists both light and easy, for they have clearly indicated 
the principal forms of a large portion of these mountains, the direct dependence 
of the metamorphism and mineralization of sedimentary masses upon the intrusion 
of plutonic matter, and have acquainted us minutely with the nature of the cry- 
*stalline rocks and simple minerals of the chain. Again, judging from organic 
remains sent to him by the Russian authorities, or brought back by Baron Hum- 
boldt and his associates, M. von Buch had asserted the existence of Silurian and 
carboniferous rocks in the Ural. 

After such results, what then, it may be asked, remained to be accomplished ? 
We answer — ^To identify the broken masses of those mountains with their types 
in other countries — to compare them with deposits in the plains of Russia whose 
age we had determined — and to produce, if practicable, a general geological view 
and map of the whole chain. 

* We do not here specify all the authors who describe the structure of the Ural, but besides those 
above cited and others (of whom hereafter), we highly esteem the merits of Hermann (Min. Beschr. des 
Ural Erzegeb., &c.), Kupffer (Essai d*un Tab. G^ogn. de TOural), and Ad. Erman (Reise urn die Erde). 
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Baron Humboldt, we may add, was among the first to urge us onwards in this 
work, and has throughout our labours afibrded us every assistance. 

But even when so encouraged, our task would have been hopeless, had we not 
previously made ourselves well acquainted with the nature and order of the strata 
which occupy the great adjacent regions on the west. It was only therefore, after 
we had learnt our lesson amid the slightly consolidated and unbroken deposits of 
Russia in Europe, whose history and succession have been explained, that we 
ventured to decipher the intricate relations of rocky masses, which in the Ural are 
thrown about in much apparent confusion. Before, however, we enter upon the 
details of this survey, we would explain a few of the difficulties which are opposed 
to the establishment of clear results ; and in doing so, throw a glance over the 
general contour and external condition of the chain. 

Viewed as tte great barrier which separates Europe from Asia, and pertaining to 
both, the Ural Mountains, in a limited view, have been usually said to range from 
the Arctic Ocean on the north, to the parallel of Orenburg* on the south, or 
throughout 18° of latitude. 

Though no travellers have yet continuously explored these tracts of the chain 
which lie between G.')° north latitude and the Northern Sea, there is little doubt, 
from what has been detected in the Isle of Vaigatz, where Silurian and other pa- 
laeozoic fossils occur, that the geological system of the Ural is continuous to that 
point'. We know, indeed, from the explorations of Captain Strajefski to f)5° north 
latitude, that the axis of the chain, at least its eastern flank, is composed of rocks 
essentially similar to those of the Ural of the Russian miners, and from that point to 
the Northern Ocean other proofs have been obtained that the chain is persistent in 
its characters*. Again, by the recent explorations of one of our own party (Count 
Keyserling) to GG^° north latitude, we have ascertained, that the western flanks of 
the chain (near the sources of the river Ussa) are composed of the same pala'ozoic 
rocks which we are about to describe in the colonized and mining districts. 

But in a wider geographical and geological sense the Ural Mountains have 

‘ That the central axis of the Ural is prolonged to the isle of Vaigatz. was recently ascertained by 
the observations and collections of the naturalists Schrenk and Lehmann. See also Herrnniin, Mineral. 
Beschreib. vol. i. p. 4 ; and Humboldt, Asie Centrale, vol. i. p. 4fi4. 

* We have already alluded to the discovery of Jurassic strata in latitude G4° on the cast flank of the 
Ural by Captain Strajefski (p. 230), and of the same on its western flank by Count Keyserling in a still 
higher latitude. These sedimentary flanking deposits have obviously no connection with the structure of 
the chain. 
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even a much more extended range. From the prevalence of Orthoceratites, Pro- 
duct!, and other fossils, as well as from carboniferous matter in their rocks, M. Baer 
has suggested that the large islands of Nova Zemlia, stretching out so far north- 
wards into the Arctic Ocean, are in truth also a prolongation of the Ural and its 
dependencies*. A reference to a general map of Northern Asia might lead any one 
to believe, that Nova Zemlia is in fact simply a continuation of the chief or central 
mass of these mountains. 

An eastern limb, radiating to the north-north-east from 65° north latitude, 
passes into the Obdorsk mountains and the great promontory which separates 
the gulf of the Obe from that of Kara. First explored by SujefF under the direc- 
tions of Pallas, the correct geographical position and altitude of these mountains 
were only determined by the enterprising geographer Adolphe Erman, who fixed 
their direction to be 35° east of north, and their loftiest summit to be 5286 feet 
high. Lowering gradually as it trends to the south-west, this Obdorsk ridge unites 
with the Ural in 6''j°. (See General Map, PI. V.) 

Viewing then the Obdorsk mountains as a great north-eastern embranchment, 
and the line of Vaigatz and Nova Zemlia as marking the extension of the central 
chain, we might geographically, almost consider a newly discovered line of eleva- 
tion on the north-west, as a third range of the Northern Ural. 

This western chain is one which has been made known by the recent labours 
of our colleague Count A. V. Keyscrling and his associate Lieutenant Krusenstern, 
and which rising near the main Ural or middle chain in latitude 62°, trends 
in a north-north-westerly direction for the space of about 500 English miles, and 
‘exposing all the edges and succession of its rocks on the east side of the gulf of 
Tcheskai, finally disappears in the headland of Kanin-nos near the extremity of 
our Map. This range, the chief part of which is called the Timan, is however, 
strictly speaking, separated from the Ural by a trough of Jurassic deposits, and 
traversing in its northern part a region occupied by Sarnoyedes, extends beyond the 
limits of the growth of forests in these parallels of longitude. It was, indeed, 
wholly unknown to geologists and scarcely known to geographers, except through 
old works of the sixteenth century®, till the close of the summer of 1843, when its 


* Bull. Scient. de TAcad. dc St. P^tersbourg, tom. iii. No. 10. 

Humboldt cites an old map engraved on wood in 1547 at Nuremberg, on which the courses of the 
Petchora (Peezora), Ussae and Sosva (Sossa) are approximately laid down. The chief ridge of the Ural 
is termed “ Montes dicti Cingulus terrse.’" Asie Centrale, vol. i. p. 456. 
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geological explorer, Count Keyserling, returned to St. Petersburgh (see General 
Map, PI. V.). His survey shows, that forming the western flank of the great valley 
of thePetchora and the eastern limit of the great Permian basin, this ridge, though 
composed of palaeozoic and metamorphic deposits which have been pierced by 
igneous rocks, ought to be dissociated from the Ural in a geological sense, and must 
rather be viewed as the stony girdle of Russia in Europe, which extending from 
Scandinavia on the north-north-west, envelopes and forms the natural mural portion 
of the adjacent European formations. This ridge, whose strata contain organic 
remains which throw great light on the palaeozoic fauna of Russia, will be con- 
sidered in a separate chapter. 

The extreme southern limits of the Ural are viewed by Humboldt as extending 
considerably to the south of the parallel of Orenburg, viz. by the mountains 
Mugodjar to Mount Airuk, whilst its extreme southern end is considered by him 
to lie in the higher grounds between the Aral and Caspian Seas. The recent 
discovery of a ridge of eruptive rock to the north of Khivah,* to which wc have 
before adverted, to say nothing of a better acquaintance with the structure of the 
crystalline chain which trends southwards from Mount Airuk towards the Aral Sea, 
seems even to extend the generalization of Humboldt, and to lead us to believe 
in a great southern prolongation of igneous and palaeozoic rocks, which, ranging 
into Central Asia, beyond the depression of the Aral, constitutes the high ground 
on the right bank of the Oxus In this extended sense, then, a grand meridian 
elevation, of which the Ural Mountains, properly so called, is the distinguishing 
central feature, has a length of nearly 30° of latitude. 

For a knowledge of the north-eastern flank of the chain, extending from 60°* 
to 65°, we shall appeal to Russian authorities ; whilst our own acquaintance with 
some features of the western flanks within the same latitudes, enables us, as above 
said, to speak personally of a tract (the Timan ridge) not previously visited by 
any geologist. Our chief observations are, however, restricted to that part of the 
chain which is colonized and accessible ; viz. from Bogoslofsk in 60° to Orsk and 
Orenburg in 51°, or throughout 9“ of latitude. 

Within these parallels, the average altitude of the mountains does not exceed 

' Our acquaintance with the structure of the southern prolongation of the Ural, beyond Mount Airuk, 
is due to M. N. Khanikoff, Captain Romanoff, and the researches of M. Basiner obligingly communicated 
to us by Colonel Helmersen. 
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from 2000 to 2500 feet, though their outline is diversified by groups which rise 
from 3000 to near 6000 English feet above the sea. 

Throughout that portion of the tract which is situated between Bogoslofsk on 
the north and Kishtymsk on the south, or in reference to the names of separate 
peaks between Konshakofski Karaen and Jurma, there is but one dominant 
mountain ridge, with low parallel counterforts both on its east and western flanks. 
To the south, however, of Jurma, the chain branches out into fan-shsiped masses. 
The most western of these, comprising several ridges, terminates in a low re- 
gion towards Orenburg, and is to some extent prolonged in the slight undulations 
of the Obschey Sirt. The central masses of this southern Ural may be spoken of 
under two heads ; those which bifurcating from the lofty Iremel range into the 
plateau of Preobrajensk on the west, and into the sharp ridge of Kyrkty and 
Irendyk upon the east ; whilst the Ilmen and its southern extension, the Kara 
Edir-tau, constitute the eastern or flanking ridge of Siberia. 

Enlarging upon the determinations of Hermann, Helmersen and Hoffman, 
Baron Humboldt has seized upon this southern expansion of the Ural, and illus- 
trating it with his usual felicity, has shown how from a single chain in the central 
portion, it passes into a trifurcation which is persistent from 51° to 55^° north 
latitude'. Having crossed and recrossed this southern portion, where it is most 
expanded, we think that, whether their mineral constitution or physical features 
be considered, these masses, when viewed in detail, are more numerous. To this 
point, however, we shall subsequently revert. 

In the following remarks we shall first treat of the northern and afterwards of 
*the southern portions of the chain w hich we examined. 

When approached by the usual high road from its western or European flank, 
the North Ural of the Russian miners appears little more than a low hilly ridge, 
for the most part densely wooded ; and although a line of rock appears at intervals, 
the Ural Mountains of the traveller’s imagination are reduced, when they appear 
in sight, to a mere range of mounts, seldom exceeding in apparent height the Vosges 
between Metz and the Rhine. Their real height is, how'ever, more considerable, 
the deception being produced by the traveller having already gradually ascended 
to some altitude above the sea, before he obtains a view of the chain. Those per- 
sons, indeed, who have only passed over it by the route to Ekaterinburg, at the 


' Asie Centrale, vol. i. p. 433-439. 
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rapid rate of Russian travelling, might almost doubt the existence of a chain, for 
the road is there carried over the watershed at the point of its greatest depression, 
and where the outline is round-backed and featureless. The same may be said 
of the central crest between Blagodat and Serebriansk, and also of the pass near 
Katchkanar in the parallel of Verkhoturie, by both of which we travelled, except 
that upon these lines the “ divortia aquarum ” is enlivened, at intervals, by bold 
and serrated crags. From certain localities, however, on the Siberian side the 
traveller can form a more adequate conception of these mountains. In travelling 
by the ordinary route, from Europe, he gradually approaches them from undula- 
tions, amid which the central ridge is often nearly lost ; whilst to many parts of the 
lower plateau of Siberia they present themselves as a serrated, mural and naked 
ridge, which peering through the forests, has the aspect of a mountain escarp- 
ment. Of the*nature of this central crest, composed of quartzose and metamorphic 
rocks, the view at the head of this chapter affords a characteristic idea, and in the 
sequel other sketches will be given of the appearance of the dhain, whether exa- 
mined in its most elevated portion or on its Siberian dank. 

The width of the mountain region may be variously computed, according to the 
definition of the geographer. Humboldt places the average at twelve to fifteen 
French leagues, or at about the width of the Pyrenees. The true ridge, however, 
or Ural-tau, whatever local names may be given to it by the natives in different 
parallels, must simply be considered as the dividing crest which parts the waters of 
Europe from those of Asia. But as throughout a considerable space the flanking 
ridges are, as before said, insignificant, though in other parts they rival the water- 
shed itself in height, it is not easy to define the breadth of ground which should bd 
included in the term Ural Mountains. This remark specially relates to what, for 
our present purpose, we shall call the North Ural ; viz. from Petropaulosk and the 
most northern Russian mines — from the point, in fact, where colonization ceases 
northwards, to the cluster of summits before alluded to, and which radiating from 
Jurma or Yurma, pass to the south-west and south by Zlataiist and Miask. 

In the northernmost part of this tract, dense forests and in)[)assablc marshes 
very frequently obscure the watershed, which is diversified solely by occasional 
stony peaks, lifting their heads through monotonous and silent woodlands, which 
would to this day have been peopled by a few w'ild Voguls only, had not the precious 
ores led the Russians to colonize and clear them. Yet with all the progress which 
has been made, the only good carriage road completely across the North Ural 

. 2 Y 2 
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is in the parallel of Ekaterinburg. Two other transverse roads to the north of 
that town are, indeed, practicable, but they run for a certain distance only ; the 
one serving as the line of communication between the Imperial Zavods of Kush- 
vinsk and Serebriansk, to effect through the latter a junction with the Tchus- 
sovaya river j the other passing from the Zavod of Nijny Tagilsk by Vissimo Shait- 
ansk to llinsk on the same stream, which, from the point where it is navigable, 
becomes the medium for the transport of the heavy merchandize that passes from 
Siberia into Russia. Still further to the north lay the old high road from Perm, 
Viatka and Solikamsk to Verkhoturie, or that by which in earlier days the Russian 
exiles were transported to Siberia, but being disused it has now relapsed into an 
impassable wilderness*. 

Checked in our wish to traverse the chain by that line, we were enabled, through 
the kindness of our deceased friend the Prince Butera®, to pass it oh horseback by 
a track which had not been used for many years, and which leading us by the 
picturesque and Idfty rocks of Katchkanar, placed us in communication with the 
Imperial Zavods on the east, in the parallel of 58° north latitude. 

Enough has already been said of the impediments in the North Ural to rapid 
scientific researches ; but our readers, who have seen how in the flat regions of 
Russia,*we acquired a knowledge of the subsoil by interrogating tbe river banks, 
might naturally ask. Why not resort to the same method in the mountains? In 
truth we did so, to as great an extent as our limited time and the nature of the 
region would permit ; but a glance at the Map will show how rarely, in the absence 
of roads, we could avail ourselves of such facilities. 

• Though on the whole a very low chain, the Ural completely plays the part of 
the Alps and some great mountains, by throwing off its waters to either flank of a 
central axis ; for throughout its whole range, from the uncolonized and savage 
wilds of the North to the parallel of Orenburg, the “ divortia aquarum” are nowhere 
cut through by any great transverse fissure, and are not, therefore, crossed by any 
stream. In the neighbourhood of the central depression and to the south of Eka- 
terinburg, it is true, that in its upper part, the Tchussovaya, where it is very small, 
winds obliquely through the central hills ; and a similar example, as cited by Hum- 

^ A still more northern route is marked upon the Map of Humboldt and Rose, viz. from Tscherdyn 
to Petropavlosk, but we apprehend that it also is not passable, except in winter. 

Married to the Russian proprietress of these mines, cited by Baron Humboldt as Countess Polier in 
a previous marriage. 
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boldt, occurs in an upland valley north-east of Zlatahst, which sends one rivulet 
to feed the Miass upon the east and another to the river Ai upon the west ; but 
these are mere exceptional streamlets, and are not navigable by the smallest boat 
or canoe. 

Nor can the Ural or Yaik itself be said to cut through the chain, for it flows 
southwards along the eastern flank of the mountains, so long as they maintain 
their lofty character. It is only when they apparently terminate, by subsiding for 
a considerable space into the low tracts of the Kirghis, that this river finds an 
issue to the west in a wide transversal valley, and passing in which from Orsk by 
Orenburg to the Caspian, it is prevented from flowing southwards to the Aral, by 
the high grounds which in the broad sense before stated form the southern pro- 
longation of the Ural Mountains. 

We conceivfe, indeed, that nearly all transverse gorges by which rivers escape 
across ridges from one water basin to another, are nothing more than ancient 
apertures in the crust of the earth which have resulted from dormer oscillations 
and consequent disruption and denudation of the rocks. For although cases are 
known in which the strata on either side of a gorge do not exhibit signs of un- 
conformability or dislocation (and such may be cited as examples of j)ure denu- 
dation only), still we believe that even in such exceptions, the transverse chasm has 
been mainly produced by a great vibratory movement, giving rise to a fissure, the 
depth and size of which has been augmented by powerful denudation when the 
land and waters were changing their relations. We maintain that highly inclined 
or torrential streams only can have made a perceptible impression in laying open 
mountain gorges which were not natural fissures ; or, in other words, that rivers^ 
properly so called, have never cut sections through chains, but simply flow in chasms 
prepared for them. Remarkable examples of such phsenomena are to be seen on 
the flanks of every great mountain chain from the Alps to the Andes, and on a 
smaller scale in numerous parts of the British Isles'. 

But if the crest of the Ural chain be not rent by distinct transverse gorges, its 
flanks and counter-forts, both on the east and west, expose many such, in which 
flow streams, some of them navigable. We therefore took advantage of the Sere- 
brianka and the Tchussovaya on the west of the ridge, and of the Issetz and Sosva 
on the east ; and as these rivers flow respectively from east to west and west to 

• See Silurian System, pp. 236, 422 et passim, and the Memoirs of Mantel), Fitton, Martin and Hop- 
kins on the Wealden, &c., in the Transactions and Proceedings of the Geological Society of London. 
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east, we were naturally enabled to read off upon their banks the true relations of 
the strata, on either side of the crystalline meridian axis. 

In the northern mining tracts, or in all the country between Ekaterinburg and 
Bogoslofsk, considerable facilities for inquiry, indeed, exist ; since they abound not 
only in good communications between the Zavods’, but also in lines of intercourse 
with their detached mines. 

In these districts all difficulties have, in truth, vanished before the perseverance 
and energy of the Russian miners, whose labours have thinned the forests, erected 
commodious and often splendid buildings, drained the marshes, filled the gorges 
with lakes (for water is their great mining power), and rendered the tracts around 
their Zavods the residence of a population more advanced in knowledge than any 
with which it was our lot to meet in the greater part of the Russian Empire. Yet 
in no work of geography or statistics can the general reader acquire an adequate 
conception of the highly flourishing condition of these centres of industry, each 
more populous and thriving than many towns which are marked on maps in large 
letters ; and though it is not our object on this occasion to enter into economical 
details, we cannot avoid stating, that these establishments, both Imperial and 
])rivate, often contain many thousand industrious workmen, whose houses and 
essential comforts we have seldom seen surpassed in the manufacturing towns of 
Europe. When once the inmate of these hospitable establishments, the geologist 
can effect with comparative ease any inquiry which lies within the circuit of their 
jurisdiction ; and under the powerful recommendations with which we travelled, 
obstacles were overcome, which, if unprotected travellers, we could not have 
• attempted to face. 

The Southern Ural of our Map, i. e. all the mountainous region extending from 
.55^° north latitude to the parallel of Orenburg, being much less densely wooded 
and much less marshy than the Northern Ural, is necessarily more accessible to 
geological research. Near the northern end of this division of the chain, lie Miask 
on the east and Zlataiist on the west ; the former the most important auriferous 
Zavod of the south ; the latter, as its name (gold -mouth) implies, a ddbouchd 
for the metal into Europe. An excellent road is necessarily kept up between 
them, which affords a most instructive transverse section®, and supplied us with 

‘ Upon our Map all the Zavods are engraved in a strong character, in order to mark their statistical 
importance. 

• See PI. III. f. 1. 
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the characteristic sketch of the central crest rocks represented at the head of this 
chapter. Whilst Ekaterinburg, the chief town, is celebrated for water-works, which 
polish the hard porphyries and precious stones of the Ural, Zlatahst has become 
the great Imperial workshop of the chain. Under the direction of the able engi- 
neer and metallurgist General An6sofF, this establishment, whether for the supe- 
riority of its blades of damasked steel or its richly embossed ornaments, may truly 
be called the Sheffield and Birmingham of Eastern Russia. 

As few tracts far to the south of Miask have been found to contain productive 
gold alluvia, and as the country, though rich in soil and vegetation, is chiefly inha- 
bited by poor and pastoral Bashkirs, no strong reasons have existed for rendering 
it easy of access. Two practicable routes, however, exist across this southern por- 
tion of the chain (besides that from Orsk to Uralsk), both of which we were 
enabled to folloV, through the obliging arrangements of General Perovski. The 
one called the starai-tract, or old road, traverses obliquely from Orenburg to 
Verch Uralsk, passing by the plateau of Sakmarka and the Irenflyk Hills (here the 
Ural-tau or crest) ; the other, the commerzi tract, or commercial road, in great part 
completed by orders of General Perovski, crosses the numerous high ridges of which 
the western flanks of the chain are there composed, and among which the pictu- 
resque river Belaia threads its course into the lower countries on the west. * 

In concluding this introduction it may be stated, that besides making lateral 
excursions, we traversed the Ural Mountains in seven different parallels, the 
geological features of which we have endeavoured to represent by as many coloured 
sections. Divided into two parties of research, and meeting occasionally at the 
chief places only, we w'ere thus enabled simultaneously to examine the European * 
and Asiatic flanks of the chain, and accordingly to accomplish nearly as much in 
one season as any single party could have brought to light in two. In addition to 
the traverses of the chief ridge, we made many lateral and longitudinal excursions, 
and extended our travels eastwards as far as Kaltchedansk and Troitsk, in order 
to make ourselves acquainted with the essential distinctions of the subsoil of Si- 
beria as contrasted with that of European Russia. Again, as before indicated, we 
extended our researches in a subsequent year to the Timan ridge, a great north- 
western appendage of the chain, hitherto entirely undescribed. 

But notwithstanding every exertion in our power, we are fully aware that our 
results must on many points be defective, in the distinctions which ought to 
characterize a well-digested geological memoir. We profess, however, simply to 
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offer a general sketch of these mountains, which, imperfect as it may be in details, 
and particularly in the demarcation of the outline of the formations, will still, we 
trust, be found to assign the chief rocks of the Ural chain and Timan ridge to 
their proper places in the geological series. 

Provided with the useful geographical map compiled by Humboldt and Rose, 
it was at first our intention not to attempt any other definition of the Ural than 
that which is given in our general geological map of Russia (PI. VI.). The Imperial 
countenance with which we were favoured, led, however, to the acquisition of some 
geographical data with which our precursors were not furnished, and we, therefore, 
caused a separate map to be prepared of all the Uralian regions from the north of 
Bogoslofsk to the south of Orenburg, which we have endeavoured, however im- 
perfectly, to colour geologically* (PI. VII.). 

In the following descriptions, therefore, the reader will do well to consult both 
the general map, in which the Ural forms the eastern boundary, and also the de- 
tailed map in which the relative positions of places can be better traced. The 
geographical materials for the construction of the latter are chiefly derived from 
the Prussian map, and on it we have inserted the knowledge we obtained from 
local surveys of Russian officers at the Zavods of Bogoslofsk, Ekaterinburg and 
Zlatau^t, as well as what we could derive from the writings of Helmersen, Hoff- 
man, Humboldt, &c. The chief additions, however, in our map appear in the 
southern divisions of the chain, and are taken from original field sketches exe- 
cuted by the staff under the orders of General Perovski, late Governor-general of 
Orenburg, and kindly presented to us by that distinguished officer. Lastly, the 
coloured sections which we have prepared (Plates II., III., IV. and V.), may, 
we trust, explain better than pages of writing, the dominant structure of the Ural 
Mountains, as seen in a number of parallels throughout nine degrees of latitude. 
With due attention, therefore, to these coloured sections, and an occasional glance 

‘ Both maps have been prepared in London by Mr. Arrowsmith, under the direction of Mr. Murchison, 
who has published the larger one in the last volume of the Hoyal Geographical Society. The original map 
of the South Ural, as compiled by order of General Perovski, from the surveys of the Russian staflf under 
General Rakosofski, and now deposited in the Apartments of the Royal Geographical Society, is a work 
highly creditable to the officers, who prepared it from their field sketches. The last corrections of the 
Map, PL VII. are taken from the labours of Mr. J. KhanikoiF, who is preparing a Russian map of these 
territories, and we refer with pleasure to a new geographical memoir by him upon the Southern Ural 
and adjacent regions, which Mr. Murchison has communicated to the Royal Geographical Society of 
London. 
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at the maps, woodcuts and scenic sketches which are annexed, we hope that the 
following explanations may be considered adequate to the sole object we have in 
view, — a general acquaintance with the age and relations of the masses composing 
these mountains, and the mutations they have undergone. We beg, therefore, that 
our efforts may simply be viewed, as a continuation and extension of the important 
researches of Humboldt, Rose and Helmersen, to whose views of metamorphism 
and mineral structure we seek to add a few clear, general geological results. 

We were for some time undecided as to the plan we should adopt in describing 
the Ural. If, indeed, we had simply transcribed and enlarged our notes made upon 
the spot, we might have rendered the work more lively and palatable to most 
readers, but this was felt to be inconsistent with the method pursued in other parts 
of the volume, though after all we have imparted much more of the character of 
a personal narrative to the chapters upon the Ural, than to those which relate 
to Russia in Europe. In one respect we regret that our journals have not been 
fully printed; for they are replete with heartfelt expressions of gratitude to our 
kind friends of these mountains, of whom we may truly say, that they generously 
and hospitably carried out the w'ishes of their Emperor, in Ilis Majesty’s desire 
to foster and advance geological science. 
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NORTH URAL OF THE MINERS. 

General View of the Geological Structure of the Ural. — First transverse Section of the 
Ural Mountains and their Dependencies, by the Route from Perm to Ekaterinburg, 
with an Account of the Eruptive Pheenomena and Mineral Springs ofNijny Sergiefsk. 
— Continuation of the transverse Section along the Banks of the I'ssetz, from Eka- 
terinburg to Kaltchedansk in Siberia. — Sketch of the region North of Ekaterinburg . 
— Character of the Rocks around the Zavods of Neviansk and Nljny Tagilsk. 

The Ural Mountains have long been known to be made up of crystalline and 
slaty rocks, replete with ores and simple minerals, but their chief component parts 
have not yet been sufficiently defined, as consisting of certain sedimentary pa- 
Iteozoic strata, which have, to a great extent, been metamorphosed by the 
agency of intrusive or eruptive rocks. From the presence of organic remains 
traceable at intervals along both flanks, and even close to the axis of this chain, 
we have, indeed, convinced ourselves, that some of their central ridges, whether 
•in the garb of chloritic, talcose, micaceous or quartzose rocks, are scarcely, if 
ever, of higher antiquity than the unsolidified Lower Silurian shale on which St. 
Petersburg is built, whilst others, sometimes also in a crystalline state, are of the 
Devonian and Carboniferous age. But though we saw abundant proofs of the 
presence of unaltered palajozoic strata in some spots, and of their metamorphism 
in others, it was obviously impossible without much more continuous labour 
than we could bestow on their examination, to separate the formations as distinctly 
from each other, as in the flat and undisturbed regions of Russia : nor could we 
trace with accuracy the outlines of every mass, which fossiliferous in one part 
of its range, in another is either cut oflf by some outburst of eruptive matter, or 
has through subterranean agency assumed a peculiar lithological aspect. Yet 
whilst the axis of these mountains, and the greater part of their eastern sides. 
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are in such a broken and mineralized condition, that the age and nature of the strata 
can be recognized at intervals only, we have but to descend to their western or 
European slopes, to learn how very distinctly they regain their depositary character 
and graduate upwards into well-recognized Devonian, Carboniferous, and Permian 
deposits. In fact, by travelling from the mountains, to the comparatively low 
grounds in the governments of Perm and Orenburg on the west, whether along the 
banks of the Tchussovaya or Bielaia rivers, or even by some of the roads, any 
practised geologist may satisfy himself, that notwithstanding numerous contortions 
and even inversions towards the axis of the chain, the lower palajozoic strata (Silu- 
rian and Devonian) arc eventually overlaid by carboniferous, and the latter by 
Permian deposits. Still more beautiful examples of the development of the oldest 
of these palaeozoic rocks will be made apparent, when we come to exjdain the 
structure of the* more northern or Arctic Ural. 

From our previous pages (pp. 137-168 et soq.) the reader will have gathered, 
that the Ural chain, must have been to some extent elevated into dry land at 
a very early period, or immediately after the formation of the carboniferous lime- 
stone ; for it has been shown, that the Permian accumulations of the adjacent 
lower country are, to a great extent, made up of the debris of the older Uralian 
rocks, that they contain fossil vegetables which must have grown on* thesi* 
mountains, and also have derived their singular cupriferous character, either from 
mineral springs connected with the metamorphism of the Ural, or from the 
wearing away or destruction of the numerous masses of copper ore which were 
formed in that chain at a period of high antiquity. 

Whilst the features of the western slopes of the chain thus enable us to connect* 
the obscurer masses of the Ural with unequivocal and well-known strata, whose 
position is established, the Siberian flank, on the contrary, exhibits no such (;lear- 
ness of order : even there, however, we were enabled to decipher a disjointed suc- 
cession, from Silurian to carboniferous strata, though at rare intervals only, and 
amid occasional deviations from natural sequence. Instead of occupying con- 
tinuous zones, as on the west, the strata containing organic remains on the Asiatic 
side of the crest, are alone traceable at wide intervals, their fragments being cut off 
by and almost buried under bands of eruptive and crystalline character, which 
running from north to south and parallel to the chief chain, corrugate and em- 
bellish the surface by numerous asperities of outline. (See the Maps, PI. VI. 
and VII.) 
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It is on this eastern flank, where eruptive agency has been so active, that with 
rare exceptions, all the richest metalliferous ores are to be seen, whether occurring 
in veins, masses or deposits, the gold alluvia being found in the depressions between 
the elevations or on their flanks. 

The low region of Siberia into which these folds or corrugations pass, is to 
a great extent occupied by granitic rocks With very limited exceptions, true 
granites seem never to enter into the higher portions of the Ural, the culminating 
points of which generally consist of altered paleozoic strata, usually in the state of 
quartzose and chloritic rocks, sometimes as mica schists, with saccharoid marble ; 
whilst promontories of greenstone, porphyry, and sienite indenting and breaking 
in, as it were, upon the central and subcrystalline ridge, often constitute the 
highest peaks. 

Notwithstanding, however, the striking contrast which is presented by the oppo- 
site sides of the Ural chain, we convinced ourselves that in the earlier periods, there 
had taken place all over this region, and probably extending far into Siberia, a 
deposition of Silurian, Devonian, and Carboniferous strata, which by the linear 
outbursts of granitic rocks on some lines, and of porphyries and greenstones on 
others, in lines from north to south, were thrown up into and formed this chain, 
anteridr to the accumulation of the Permian deposits. As the latter have not been 
observed on its eastern flank, we may be permitted to surmise, that in those early 
periods a large portion of Siberia adjacent to the Ural, was also raised from be- 
neath the sea, and put without the reach of these waters, under which the copper 
sands and their associated marine animals were accumulated. 

• On its western flank Jurassic rocks occur abundantly towards the northern and 
southern extremities of this chain, but as on its eastern flank true Jurassic strata 
occur in northern and southern patches only, and there is scarcely a trace of them 
in the intermediate country, nor, indeed, of any beds of secondary age throughout 
many degrees of latitude, we may infer that, at all events, a very large region of 
Siberia (including that portion of the eastern flank of the Ural) was not subjected 
to marine deposits during the long interval which elapsed between the formation 
of the carboniferous limestone and the accumulation of certain tertiary deposits of 
which we shall presently speak. In short, w'e hope to show, that there is no evi- 
dence to gainsay the hypothesis, that during the greater part of the secondary 
period, and afterwards during a long tertiary epoch, a very large region of Siberia 
may have been a continental mass far above the waters. To this point we shall 
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necessarily again refer, when we come to treat of the tracts inhabited by the lost 
races of quadrupeds. 

After this short view of the general nature of the chain, we will now lay before 
our readers a series of descriptions of transverse sections which we made across 
it in various parallels of latitude. These descriptions will, indeed, follow pretty 
much in the order in which we travelled, and by attention to the coloured sections 
(Plates II., III. and IV.), we trust that our readers will perfectly comprehend our 
general views. But although the description of the sections will sufficiently explain 
the leading geological features, there is one phcenomcnon on which we must after- 
wards dwell separately, viz. the nature of the gold alluvia ; both to show that such 
accumulations were formed in one of the most recent periods of change which the 
earth’s surface has undergone, and also to connect it with the destruction of the 
large Mammalia, at a time when our continents were beginning to assume their 
present form. 

We need not say that those who seek for detailed lithological distinctions and 
elaborate descriptions of mineral structure will not find any such in our pages : on 
such points it is alone necessary to refer to the lucid writings of M. Gustaf Rose'. 

General Section across the Ural hy the route from Perm to Ekaterinhurij , irlth an 
account of the eruptive Rocks and Mineral Springs of Nijny Serginsk (PI. 11. "fig. 1.). 
— It has been previously shown that the Permian strata, occupying the regions 
watered by the Kama and its tributary the Sylva, sweep over large low tracts at 
the western slopes of the Ural Mountains, from whence many of their component 
parts have been derived (p. I(i8). Extending to Kongur, these red and cui)riferous 
deposits becoming highly gypsiferous, are lost under an extensive cover of black 
earth between Kongur and the post-house of Morgunnof. Thence to the station 
Zlataustsk the base of the country is calcareous, exhibiting here and there, parti- 
cularly in the environs of Saksomsk'^, cavernous, white and yellow, dolomitic 
limestone forming low hills, which, from the few remains detected in it, and more 
particularly by subsequent examination of its southern prolongation near Krasno 
Ufimsk, we considered to be carboniferous". 

‘ Reise nach dem Ural, dem Altai und dem Kaspischen Mccrc von A. von Humboldt, O. Ehrcnbvrg 
und G. Rose. Berlin, 1837 and 1842. 

* An iron-work of M . Alex. Demidoif. 

’ The heat was intense as we passed this tract, our thermometer in the shade of the carriage, even 
when exposed to the rapid current of air, being from 94'’ to 99'’ I'ahrenheit. Late in the evening it fell 
to 88°, and at sunrise was 69°. — June 12, 1841. 
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Vo the east of Zlataustsk the carboniferous limestone disappears under certain 
flagstones and grits occasionally calcareous, the extension, as we believe, of those 
of Artinsk (p. 127 et seq.), which give quite a different aspect to the country. 
Woodlands and wilds there take the place of arable and pastoral undulations, and 
a heavy clay for the most part occupies the surface. On emerging from these 
woodlands the advanced posts of the Ural which begin to show themselves, 
nowhere present a bolder feature than the Surrey hills as viewed from the valley 
of the Thames. 

At this point, or near the post-house of Altschitska, commences the coloured 
section (PI. II. fig. 1.). Hence to Yallim, soft yellowish sandstones predominate, 
and upon the banks of a small stream they contain casts of Calamites and alter- 
nate with layers of argillaceous schist, which occur both in thin beds and also in 
oblate si)heroidal forms. These strata have the aspect of carboniferous deposits, 
and they unquestionably overlie the true Carboniferous limestone. Allusion has 
already been made to strata probably approaching to those in age on the banks of 
the Tchussovaya, and we shall afterwards have to speak of them on the western 
flank of the Arctic Ural. In approaching Bissersk they incline 1.')° to 20° to the 
east, and containing plants (including ferns), become somewhat calcareous, their 
lamination being marked by plates of yellow mica. 

In this parallel the hilly wooded character more distinctly sets on, and the tract 
diversified by rivulets and pools of water, having somewhat the aspect of the Lower 
Jura*, may be viewed as the first appanage of the Ural chain*. At Bissersk 
the carbonaceous sands and grits are partially obscured by loose sand and clay, 

• * We could not learn that any Russian nobleman or country gentleman ever resides on his property 
in this very pretty tract. In fact, the whole of the Casino or club of the nobles at Perm was placed at 
our disposal by the kind and hospitable governor M. Ogaref, and wc learnt that in all his vast govern- 
ment (as large as the kingdom of France) three or four noble proprietors only were ever resident. 

* Humboldt has the following excellent observation when speaking of this very point on the western 
flank of the Ural; — “ Coinme presque pnrtout les chaines de montagnes s’eRvent sur un terrain dejk 
bombo, ct que des contreforts plus ou moins etendus marquent I’etendue lat6rale des souRvemens, il 
n*est pas facile de circonscrire Tarca des montagnes et des plaines. Cette difficulte augmente lorsquCi 
comme dans TOural, la chaine n’est elcvee de grandcs distances que de 3 a 4 cents toises de hauteur, 
et que loin de former toujours une digue rocheuse, elle se pr^sentc plut6t comme un aggroupement de 
montagnes et de hauts plateaux disposes dans la direction d’un m^ridien. Comment, par exemple, fixer 
les points oil commence ct oh finit I’Oural dans la route qui conduit de Perm et de Kongour, celhbre par 
ses cavernes de gypse, par Catherinenbourg k Tobolsk ; on est incertain si ce sont les changemens si 
lents de niveau qui doivent decider la question, ou s ii ne faut pas ajouter la consideration de la nature de 
la rocke aux considerations relatives au relief ." — Asie Centrale, vol. i. p. 451. 
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but at Mayaskaya and Klinofskaya Gora, between that place and Klenofsk, the 
beds rise into rapidly undulating hills, the last-mentioned or culminating point 
being (according to Humboldt) about 10G2 English feet above the sea. In these 
hills the same basis of gray calcareous psammite or grit with plants, is diversified 
by containing numerous pebbles from the size of nuts to that of fists, consisting 
of porphyry, quartz, felspar, Lydian-stone or altered slate, and occasionally with 
fragments of the palaeozoic limestones of the Ural, in which the fossils are still 
visible. These strata, sometimes horizontal and very thick-bedded, seem to fold 
gently over with the outline of the ground. From sections hereafter to be adduced 
from other parallels, there is, indeed, no doubt, that the carbonaceous beds with 
plants and pebbles are clearly separated in all the region of the Ural, from the in- 
ferior carboniferous limestone properly so called, to which they are in fact uncon- 
formahle ; and if they are also to be considered of the carboniferous age, it must be 
admitted, that great elevations and dislocations of this chain took place during the 
formation of sediments which in other parts of Europe constitute the carboniferous 
system. 

The height of the.se hills increases as you advance from west to east ; for the hilt 
of Berosovskaya Gora, between Klinofsk and Kirghishansk, is (according to Hum- 
boldt) 1230 feet above the sea. It is from that hill, west of Klinofsk, that tfu; best 
view of the central or Ural ridge is obtained, and although of slight altitude in 
comparison wdth other mountain chains, the intermediate succession of wooded 
parallel valleys and lower hills, terminated by a long and slightly broken ridge of 
rocks, embodies a vista by no means unpicturesque. 

In the hills east of Kirghishansk the grits and conglomerates above described* 
(which with the exception of the plants much resemble the tertiary nagclflue of 
Switzerland) are succeeded hy whitish, hard and brittle, highly ferriferous sand- 
stones, not unlike some varieties of the millstone grit of England (sec Section, 
PI. II. fig. 1.). These beds dip rapidly both to the ea.st and west, and, as we 
soon ascertained, are upon the outermost lines of eruption of the Ural in this 
latitude. Towards the station of Grobovo great accumulations of very finely 
shivered, crystalline limestone are accumulated in the valleys, and in the bed of the 
little rivulet, three versts west of that station, we found strata of compact, yellow 
limestone, alternating with others of dark indigo colour, which containing Pro- 
ductus gigas, Orthis arachnoides and Encrinites, left no doubt in our minds, that 
the rock is truly of the carboniferous age. 
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These beds, sharply iDclined to the east and by north, seemed also to participate, 
like those of Kirghishansk, in some movements dependent on eruptive forces, and 
having heard that the mineral springs of Nijny Serginsk were situated at one stage 
only to the south of the great route, we at once deflected from it to examine the 
rocks in their vicinity. 

Mineral Springs and eruptive Rocks of Nijny Serginsk . — Having repeatedly had 
opportunities, both in the Silurian region of England, in the Rhenish provinces, 
and other parts of Europe, of proving, that mineral springs frequently rise to the 
surface at those points where rocks of igneous or plutonic origin have pierced 
through sedimentary deposits, our drive over rich but wild fields and pastures 
along one of the longitudinal valleys to the west of the chain, to the Zavod or 
mining establishments of Nijny Serginsk', was made in the full conviction, that 
both the origin of the wells and the dislocations we had seen on the sides of the 
high road (one of the first marked disturbances of the subsoil met with between 
that spot and St. Petersburgh) would be similarly explained. We were not disap- 
pointed. In the environs of Nijny Serginsk many of the greater phaenomena 
which we afterwards witnessed in the chief ridge of the Ural, are clearly exhibited 
on a small scale ; and as epitomes are more easily comprehended than extended 
and discursive statements, we will, for the present, interrupt the narrative of the 
first long transverse section of the Ural chain with the following short illustration. 

The flourishing iron-works of Nijny Serginsk are situated on the river Sirga, 
by the barring up of which, an artificial lake about six versts long and one verst 
wide, is made to fill the lower part of one of the numerous wooded valleys, recently 
‘purchased from the former Bashkir inhabitants, and as yet only partially re- 
claimed. By the aid of this water-power, as in other parts of the Ural, wealth and 
comfort are here diflused through an increasing and prosperous community. 

To the south of the chief Zavod are thick-bedded, quartzose and highly altered 
sandstones, occasionally quartzose rock, but still regularly bedded and alternating 
with schists. These masses strike north-north-east, south-south-west, and dip 25° 
east-south-east. Tliey are evidently a part of the same series of strata seen on 
the high road in the valley near Kirghishansk. At the north end of the village 

' The ground around this Zavod waa bought from the Bashkirs by one of the Dcmidoff family, and 
sold to the brothers Gubin of Moscow. The population of Nijny Serginsk is 2609, that of the adja- 
cent establishment of Aligsk 450. They are both iron- works, are admirably managed, and the workmen 
and their families most comfortably lodged, well-fed and neatly dressed. 
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they pass, however, into amorphous masses of quartz rock, in which nearly all 
traces of bedding are obliterated, whilst points of intrusive greenstone appear at 
intervals. 

He who disbelieves in the theory of metamorphism may here be convinced of its 
truth. In the short space of a mile, since he can walk upon the edges of the partially 
altered beds of grit and schist, until he finds them converted into amorphous quartz 
rock, in contact with highly crystalline greenstone, a rock which, from its com- 
position and from the part it plays in all parts of the world, is now admitted to be 
of igneous and intrusive character. 

We came to the conclusion, that this sandstone and quartz rock are of the age of 
the millstone grit, because certain limestones which rise up behind them are clearly 
referable to the carboniferous limestone. In the environs of this Zavod we could 
not, it is true, discover any clearly definable organic remains, so very much had the 
rock been altered ; but the strata having a persistent strike from south-south-west 
to north-north-east, we observed that in following the same calcareous courses 
from Nijny Serginsk to the north, they became less altered, and regaining in a few 
miles the character they present upon the high road near Grobovo, contained many 
carboniferous fossils {Bellerophon, Pecten, Cyalhophijllum, Sic.). By tracing these 
calcareous fossiliferous masses to the south-south-west or towards the points of 
eruptive matter, the changes are most marked. In the quarries where the lime- 
stone is extracted as a flux for the iron ores, it is first found to become highly fetid, 
veined and heavy, and next it is thrown over in arches and domes, the angles of 
inclination varying at every step. In this condition, though the rude outline 
of organic bodies is discernible, no distinct forms can be traced. Passing on to 
the south of Nijny Serginsk, the limestone, in a metamoqfliic amorphous state, 
rises abruptly into a low ridge which presents a rude escarpment to the river Sirga, 
from the base of which the mineral spring issues. 

A close analysis of mineral waters formed no part of our scheme, and we there- 
fore contented ourselves with tasting the spring, which is very copious, and much 
resembles that of Harrowgate in Yorkshire, being equally, we believe, saturated with 
sulphuretted hydrogen. The chief geological interest, however, consists in the 
fact, that whilst the limestone from which the spring issues is a highly crystalline 
amorphous mass, in which all traces of bedding and fossils have disappeared, and 
angular joints and rifts pass through it in all directions, hills of porphyry and 
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greenstone rise up beyond and almost encompass this altered rock, as represented 
in this woodcut. 


Eruptive rocku. 



Having thus we hope clearly explained the causes of the dislocation on the 
high road, which have been produced upon a line of eruption from south-south- 
west to north-north-east, or parallel to the adjacent portion of the Ural, we may 
now return to the main section across the chain, merely stating by the way, that 
we traced for some distance westward or down the affluents of the Ufa. a pebbly 
calcareous grit with plants, similar to that which has been described on the 
high road from Perm to Ekaterinburg, and that we found it to overlie the car- 
boniferous rocks of this tract'. We may also mention, that already the difficulties 
* of making any traverses of the Ural except by practised roads became apparent ; 
for upon expressing a desire to travel on horseback or on foot across the Ural 
from this point to Ekaterinburg, distant in a straight line little more than sixty 
versts, we were informed by the manager of the Zavod that no Russian ever at- 
tempted it, and that by no effort could we accomplish it. 

Section across the Ural resumed . — To the east of Grobovo, the road runs in one of 
the lateral depressions, and little stony matter is to be seen. The absence of all coarse 
detritus is, however, a phaenomenon which cannot but surprise every geologist 


> In a journey made by Count Keyserling, subsequent to that which we now describe, many fossils 
were collected which throw the clearest light on the age of the grits of Artinsk. See ante, p. 128, where 
we describe a section, including an undulation of Devonian rocks, from Nijny Serginsk to Sarana. 
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accustomed to other mountain chains, for he has now absolutely reached the foot 
of the central ridge of the Ural, in which there are many lofty peaks, and yet not a 
single far- transported block can be detected. 

At Tcheremtsal, twelve versts east of Grobovo, the rocks are found to have par- 
ticipated in the altered character of the chain ; for the low counterfort between 
this station and the river Tchussovaya is composed of shivery, slaty, crystalline 
limestone, in which no stratification is apparent. This stream, so useful in trans- 
porting ores and merchandise from the Ural and Siberia to the Kama, and thence 
to the Volga, becomes navigable near the point where it is traversed by the road 
(north of Bilimbayevsk). As stated in the introductory pages, it is one ol’ the 
only rivers of the chain with which we are acquainted, which in its origin seems to 
flow' through the central ridge. The rocks, amid a depression of which it winds 
obliquely from the uplands, are evidently a fair sample of the structure of the axis 
in this parallel. 

Facilitating our examination on every point by his admirable and clear arrange- 
ments, General Tcheffkine, the chief of the staft’ of the School of Mines, had 
directed Captain Karpinski to survey the banks in this uj)per part of the Tchus- 
sovaya previous to our arrival, and this able engineer showed us the specimens of 
each band of rock on our arrival at Ekaterinburg. This proved the more interest- 
ing to us, as the high road over the ridge offers very little of interest. Proceeding 
from the sources of the river, these rocks consist, according to Karpinski, of — 

1. Bosses or bands of granite, the direction of which is from south-south-east to north-north-west. 2. A 
broad bund of schistose ebloritic rocks, separated from the granite by porphyritic liornstone. .’i. Va- 
rieties of schistose, slaty, jiorphyritic felspar rocks with serpentine. 4 . Uneisose and micaceous^ 
schists. . 5 . Quartz rocks and grits j on the rivulet Kurganova associated with iron ores, arul at 
Makarova with kidney iron ores (hematite), and decomposed felspar. 0. Black, shivery, pyritous, 
slaty schist. 7- Whitish-grey and greenish, granitoid greenstone (syenite). 8. Chloritic and (juartzose 
rocks with vein stones, lln preceding rocks are found in the course of the stream from Houth-east to 
north-west. 9. Marble in contact with and in proximity to greenstone. This rock is seen near the 
point where the river first turn.s to the north and west. 10. Serpentinous schist and finely laminated 
chloritic schist and sandy grauwacke schist, not unlike many Silurian or Devonian beds. 11. Tulcose 
schists and greenstone. 

These rocks continue northwards to Bilimbayevsk before alluded to, on the high road, and from the above 
succession therefore, the reader may upfirehend the nature of the whole nucleus of this part of the 
Ural, which cannot be well seen without following the gorge of the 7 chussovuya. 

Having thus learned, that no strata with organic remains were visible near the 
axis, but that all the limestone, sandstone and schists there associated with the 
greenstone, porphyry and other igneous rocks, were highly altered and crystalline, 
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we resolved to complete our survey by descending the Tchussovaya from near the 
spot where it becomes navigable, and where the sedimentary rocks, receding from 
the great lines of eruption of the Ural, resume their ordinary characters. 

As this examination of the banks of the Tchussovaya was, however, connected 
with a traverse of the Ural on another parallel, and also with a descent of the 
Serebrianka river, we shall postpone our account of that operation until we have 
completed our first general section to the most eastern point explored. 

We therefore return to our general section. Near Bilimbayevsk (a Zavod of the 
StrogonofF family), the Tchussovaya, where the high road crosses it, flows in red- 
dish alluvia, but immediately to the east of the stream talcose schists with granu- 
lar limestone and iron ore* announce that you are already in a portion of the cry- 
stalline axis. The gentle ascent of the road, over which Russian horses travel 
nearly as fast as in descending, is conducted on a smooth talus on which no rocks 
protrude, and it is from the detritus only that the geologist can suppose he is 
passing over the falcose, quartzose and metamorphic rocks, so apparent in other 
central parts of the chain. To the east of V'assilivrask, asbestiform, serpentinous 
schists mount into a round knoll, and near the post station of Talitza, greenstone 
is apparent at the surface ; but from the latter place to the summit no rock what- 
ever is* seen in situ. The suran)it level of the road (the lowest pass in the whole 
range of the Ural) is not 1400 English feet above the sea, and does not exhibit any 
marked asperities, the rocks being only discernible in openings amid the fir-trees 
on the sides of the road, where they are seen to consist of a large-grained horn- 
blendic greenstone or syenite, which, as far as we could judge, seems to have 
pierced through chloritic and talcose schists*. Shortly beyond and at the station 
of Reshetsk or Reshety, where the water already descends to the east, granite rises 
above the surface in low masses, which, from the decomposing felspar, have 
assumed in weathering the appearance in miniature of the tors of Cornwall. 
Thence to Ekaterinburg the sloping route exposes little else than blocks of granite, 
which disintegrates into a sandy soil. 

W^e do not profess to have examined all the varieties of rock in the environs of 
this metropolis of the Ural. We could not, however, avoid noticing, that tal- 
cose and chloritic grauwacke schist and clay-slate are thrown about in the eastern 

‘ M. Rose describes ciystals of magnetic iron ore as being disseminated in this talc schist. 

® ITie Volshaya or Bolshaya Gorat or summit above the road, is stated by Humboldt to be from 377 to 
380 French toises, or rather less than 2500 English feet above the sea. 
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part of the town at various angles of inclination, that the observatory is built upon 
a boss of serpentine, whilst hummocks of that rock and greenstone protrude here 
and there even in the streets. As to many of the rocks in the immediate pre- 
cincts, we should say with M. Rose, to whose admirable description we must 
refer, that with the exception of unquestionable igneous rocks, such as granite, 
greenstone, porphyry and serpentine, they have often the undecided character of 
altered schists, preserving still some imperfect traces of their original structure, 
and not having assumed any specific form'. Numerous other varieties of rock, 
including varieties of aventurine, might be cited, and many beautiful and peculiar 
simple minerals. Of the latter, indeed, our associate Lieut. Koksharof has pre- 
pared for the use of English readers a list which will be given in the sequel*. 
Among the phaenomena exhibited in or close to Ekaterinburg, it is however im- 
portant to remark, that crystals of magnetic iron are disseminated both in the ser- 
pentine and adjacent chlorite schist ; and that the granite which cuts through the 
serpentine in dykes, is the youngest intrusive rock of this neighbourhood. (See 
Rose, vol. i. p. 172 et seq.) 

Descent of the Issetz River to Karnensk and Kaltchedansk (Siberia) (continuation 
of Section, PI. II. fig. 1.). — In the great flat regions of Russia, whether in Europe 
or in Siberia, the truest method of ascertaining the nature of the subjaceTit rocks 
and their relations is to descend the rivers, or frequently to examine their banks. In 
Russia — even on the noble Volga — whenever we put this in practice, our patience, 
indeed, was sorely tested, so uniform and wide-spread is one formation only, over 
such vast countries do the very same beds extend, and so hidden are they in 
numberless places by vast mounds of superficial detritus. Very different is a rivdr 
section on the Siberian flanks of the Ural. There, though the country is e(|ually 
flat, the surface is never more than slightly encumbered with clay, sand or local 
debris, and never obscured by far-transported numerous blocks or boulders ; whilst 
its subsoil, composed of hard and crystalline rocks, presents new features at every 
step. Such, at all events, we found to be the case in boating down the river Issetz. 

’ A stratified rock which M. Rose describes in the neiglibourhood of Ekaterinburg, near the jiolishiiig 
works, parts of which contain lime with crystals of hornblende, and other ])artH have the clmructcrs of an 
augite porphyry — exhibiting a transition from a whetstone slate to porjjhyry — is wliat we sliould call 
schaalstein. See on pp. 363 et seq. 

* At Ekaterinburg we were cordially assisted by the chief authorities, (icneral (ilinka and Colonel 
Tchaikovski, as well as by the head mechanical engineer, Mr. Toit. Among kind private friends we 
must specially mention M Borisdin, M. Arsenieff, and their agreeable famiUcs. 
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^ Ck>iiviaced that a trae acquaintance with the substrata could best be acquired in 
this manner, we requested General Glinka, the commander of the North Ural 
mining country, to make arrangements to enable us to accomplish our wishes, 
which he most obligingly and effectively carried out, by entrusting us to the charge 
of M. Schultz, the chief of the forests of this arrondissement. This excellent and 
judicious administrator, forewarning the authorities and inhabitants of our approach, 
prepared canoes at each little village on the banks of this stream, from the poiAt 
at which we proposed to begin our descent. 

Looking back from Ekaterinburg to the Ural, the traveller can scarcely recog- 
nise the chain he has passed, so imperceptible is the slope ; the gay spires and 
towers of the town itself, 850 feet above the sea, seeming simply to rise out of a 
slightly inclined woody region. For some leagues to the east of Ekaterinburg, the 
base of this tract is essentially granitic, with aventurine and other metamorphic 
rocks, the granite very frequently assuming a thin-bedded or jointed structure. 

We travelled rabidly over that space in our “ tarantasses*” and joined the 
Issetz near the station ofLoginof, forty-seven versts from Ekaterinburg, and where 
the river becomes deep enough even in dry weather for the navigation of small 
boats. Here taking to the canoes, we soon learnt to how much trouble we had 
exposed' a whole population in order to satisfy our geological inquiry. Flowing 
with some rapidity from the eastern slopes of the Ural and through a thickly peo- 
pled tract well covered with grain, the inhabitants naturally avail themselves of 
this stream to grind their corn, damming it up to establish the necessary mill- 
races. At each village, therefore, often not more than a mile asunder, we were 
cbmpelled to disembark and walk round the dam, whilst the boats were lifted over 
by numerous peasants assembled at each station for the purpose. The opposite 
lithograph will afford some idea of the scene at Volchof, of which we shall pre- 
sently speak, and where the river escaping from the higher defiles enters into the 
flat country of Siberia. 

Following, in this way, the windings of the Issetz for two days and examining all 
the rocks on its banks, we made the section which is given on the right-hand or 
eastern end of PI. II. fig. 1, *. c. from Ekaterinburg to Kaltchedansk. 

The rocks we first observed on the banks of the stream, after quitting the gra- 
nitic plateau, were green micaceous chlorite schists, which are again succeeded 

* < The “ taranUsB,” which is the carria^ of Eastern Russia, has the body of a caliche on long elastic 

poles which serve as springs. In a subsequent view one of these vehicles is sketched. 
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by strong reefii,, of rose-colpared granite. This system of micaceous rocks, occsl. 
sionally exhibiting intrusions of granite, syenite, &c., continues to beyond the mill 
of Paulkin and the village of Mamniskaya (about twelve versts by the turnings 
of the Issetz), where it is succeeded by another class of rocks. The chief masses 
at Mamniskaya consist of bluish calcareous flagstones, with veins of white felspar, 
which apparently graduate into and alternate with a contemporaneous bedded 
trap-rock, not unlike the “ schaalstein ” of German geologists, so largely associated 
with the palaeozoic strata upon the rivers Lahn and Rhine'. These trappean 
rocks, increasing in volume as you descend the stream, have, however, a peculiar 
aspect. They are very felspathic, approach, here and there, to the character of 
serpentine, contain much disseminated carbonate of lime, and after all leave the ob- 
server frequently in doubt, as to whether they really are sedimentary strata or not. 
At the hamlet of Tiomna they are boldly displayed. At Bielobor these bedded 
rocks (schaalstein), contemporaneous, we believe, with the limestones, rise up 
at a high angle against an intrusive porphyritic greenstone, Vhich is succeeded 
by black limestones of considerable thickness, inclined at a very high angle to 
the west, and resting upon carbonaceous shale. These beds, the first in which 
we saw fossils in Siberia, unequivocally belong to the carboniferous linmstone, 
for we found in them Productus gigas, Spirifer slriatus (Sow.), and scveral*charac- 
teristic corals. The schists which followed are contorted and afterwards thrown 
oflF around a nucleus of trappean amygdaloid, which is succeeded by a considerable 
development of highly crystalline greenstone, some of which, from the predomi- 
nance of felspar, may be called “ graystone ” ®. These eruptive rocks occupy 
both banks of the river at Smolino (our station for the night), and also lor hoiiK! 
versts below it, where rising to rather greater altitude than the contiguous strata, 
they constitute a rugged and picturesque defile, as at Bielobor. 

A point of compact felspar porphyry (eurite) protrudes among the blue schists, 
which are next observable, and w hich alternating with grits, often resemble the culm 
beds of Devonshire, like which they fold into numerous flexures dipping both to 
the east and west. We detected nothing in these schists but minute fossil plants 
—chiefly grasses — another point of analogy to the culm strata of Devonshire and 
the “ flotz-lehrer-sandstein ” of the continent ; whilst the occurrence of Productus 
gigas and P, pustulosus, in an adjacent rock at Zaimskaya, further indicated the 
continuance of the carboniferous deposits. At Kadinskoi, however, a limestone 

' Sec Trans. Geol. Soc. vol. vi. p. 249. • See Scrope, Geol. Trans, vol. ii. p. 214. 
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rises in an arch from beneath these schists and grits, and as it contained the Tere- 
bratula Teticularis, a shell never found in the carboniferous rocks, associated with 
casts of large Euomphali, we consider it to be Devonian. The courses of limestone 
and schist which extend to the mill of Tcherdinsk seemed to be repetitions, and we 
could not resist the impression, that the great masses of rapidly undulating lime- 
stone and schist near the village of Swagba, as well as certain black calcareous schists 
by which they are covered, were also of the true Devonian age, for they are covered 
by other limestones, schists and grits, which are clearly carboniferous. Whether the 
same neat division between the Devonian and Carboniferous limestones can be read 
off upon the Issetz, as that which we shall presently indicate upon the Tchussovaya 
on the west flank of the chain, must be determined by longer observation and a 
further discovery of fossils. Nor can we pretend to decide, whether the siliceous 
conglomerate and sandstone with some traces of coaly matter, which overlie the 
black schists and underlie the carboniferous limestone, ought to be grouped with 
the one or the othdT of these systems. For the present we must content ourselves 
with expressing our belief, drawn from the analogy of succession in other parts of 
the Ural, that the lower black schists and limestones on the Issetz are Devonian. 

Adopting this view from the order of superposition upon the river, we were the 
more disposed to adhere to it, when in subsequently extending our researches into 
the interior, we found other schists and sandstones, sometimes red and green, 
with coarse grits and conglomerates, flanked at Bagaratz by true carboniferous 
limestone containing large Product!. A tract like this, perforated at numerous 
points by porphyry, greenstone and other eruptive rocks, cannot be expected 
fco offer a regular sequence of ascending or descending order of deposits; the neces- 
sary result of such intrusion being, that in the numerous contortions and breaks 
to which the invaded strata have been subjected, they are often so bent back, 
that the older strata are placed above the younger, — a phsenomenon now so 
clearly pointed out in other disturbed countries, that it is unnecessary here to 
dwell upon it'. 

A few versts to the south of the Issetz, we found, indeed, distinct proofs that 
sedimentary strata, older than any we saw in the gorges of the Issetz, had been 
forced up into the adjacent plateau. On the banks of a little stagnant streamlet 
called the Istok, and at the villages of Crasnoi-glasnova and Gashin-novo, three 
or four versts asunder, a small dome of light-coloured, whitish-grey, crystalline 

* See Silurian System, pp. 421, 423 et passim. 
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limestone, rises in low protuberances through the rich black earth. This is most 
probably an Upper Silurian rock, for it is absolutely made up of Pentameri, some of 
which, of great size (a variety of our P. Vogulicus), are closely allied to the Pentamenit: 
Knightii. It will afterwards be shown, that such a rock appears in other parallels oi‘ 
the Ural, even in the richest mining tracts, in describing which we shall more 
specially advert to the specific forms of the shells, since those at Crasnoi-glasnova 
were so welded into the rock, that good specimens were not to be obtained. In the 
mean time, this short digression has been made in order to show, that even in 
this tract there was once a palaeozoic succession from Upper Silurian to carbonife- 
rous strata, however difficult is the task of now putting together their disjointed 
fragments. 

Returning to our traverse by the river (PI. II. fig. 1.), the lower black limestones, 
schists, grits, &c. on the Issetz, which we consider Devonian, are succeeded on 
the east by a very copious development of limestone, which is unquestionably car- 
boniferous. For some distance this rock is almost in a crystalline condition, its 
surfaces are much eroded, and numerous indentations and fissures are loaded with 
the hydrate of iron. Near the gorge called Petersgal (Peter’s gate), this lime- 
stone rises up into serrated and picturesque forms, about 200 feet in height, amid 
which the river winds, the cliffs exposing caverns at heights of upwards of lt)0 feet 
above the water. Though much thrown about and contorted, this rock occa- 
sionally resumes the ordinary aspect of the English mountain limestone, and con- 
tains characteristic fossils ' . 

To the west of the shale which flanks this mass, the banks of the river become 
lower, and the first visible strata near the village of Bayanova are altered limestones,* 
with bedded trap, or schaalstein, in which copper ore occurs, with some nests 
of malachite ; whilst the chief rock of the track is a red quartzose porphyry, 
somewhat different from any seen in the higher part of the Issetz, and which passes 
here and there into eurite and compact felspar rock. To the north of this point 
lies the Imperial Zavod of Kainensk*'. When thrown off by the porphyries ex- 
posed on the Issetz, the carboniferous limestone occupies four or five distinct ledges, 
and as along the Issetz, reposes on conglomerates and grits, which constitute, there- 
fore, either the base of that system or the upper part of the Devonian. 

* Productw gigas, P. Fisch. (anomala, Sow.), Spirifer slrialm, S.glabrr,iiow., Caryophyllia 

fatciculata (Flem.). Another coral seen by Mr. Lonsdale seems to be a new species of Lithodendron. 

* At Kamensk we were hospitably entertained by Major Oarotzi, director of the Zavod. 
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tertiary Millstones of Kaltchedansk.—Ii&ving satisfied ourselves of the existence 
in this part of Siberia of a palaeozoic succession from a metamorphic axis, which 
had been broken up by porphyry and other intrusive rocks, we next wished to 
ascertain the nature of a deposit, which we had heard of as yielding the finest mill- 
stones of the region, and also some traces of coaly matter. We accordingly re- 
embarked and descended the Issetz to the village of Volchof, where the river begins 
to quit the plateaux and wander in the wide plains of Siberia. 

From Bayanova to Volchof (the village represented in the lithograph facing 
p. 358), the cliffs are essentially composed of porphyry, which occurs both in 
vertical and laminated masses, and also in bosses which peer out irregularly at 
intervals, the former conveying to us the idea of having, like the schaalstein, 
been formed contemporaneously with the palaeozoic rocks, the others being of 
the age of the greenstones and porphyries which have thrown up the Ural chain. 

The hills of Krasnoi-gora on the left bank of the stream, about 150 feet high, 
offered us a clear i^ction of the porphyries, and also of the millstone grit of which we 
were in search, and at once taught the origin, age and structure of all the strata 
which cover the adjacent plateau of Kaltchedansk ; as shown in this woodcut. 



Eru]»tive pon>hyry- Bedded porphyries. Eruptive porphyry. 


These grits are, in fact, part of what we believe may prove to be wide-spread ter- 
tiary accumulations in Siberia, and they owe their peculiar character to having been 
derived from the quartzose, porphyritic and other intrusive rocks on which they 
rest, and out of whose materials they have been entirely composed. Thus, some of 
these courses consist of white and greyish clays, arising from the decomposed 
felspar — often by no means a bad potter’s clay, in which leaves and remains of 
wood have occasionally been transmuted into a poor brown coal, with which small 
portions of amber are here and there associated. 

The grits which occupy the highest part, range from the banks of the Issetz into 
an arid plateau, and to the north side of the high road to Tobolsk, are cut into 
by a number of shallow pits (twenty to thirty feet deep), the beds being everywhere 
perfectly horizontal. The extracted blocks of millstone cover the surface for 
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about a square mile. The best millstones occur in beds from two to three fwt 
thick, and are worked from beneath a roof of less valuable grit, where though per- 
fectly horizontal, they have somewhat of a concretionary shape, and are brought 
out in lumps from six to seven feet long, which have often a rusty-ferruginous, 
occasionally a green exterior. Thin beds of sand and clay (wayboards) fold irre- 
gularly round these concretions, which to some extent reminded us of the tertiary 
“ meuli^res ” of the Paris basin. If we had not first viewed the section at Krasnoi- 
gora on the Issetz, where these beds, regularly and horizontally stratified, lie 
upon the igneous rocks, we should have had some difficulty in believing that they 
were entirely of aqueous origin, so much has the detritus of these quarries a tra- 
chytic and vitreous aspect*, and so much did the grating of the debris under our 
feet remind us of some of the trachytes of Auvergne. Hand specimens may, 
indeed, be selected which approach to the character of pitchstone and the tra- 
chytic grits of Hungary. 

Though the section at Krasnoi-gora on the Issetz exposed flic millstone grits 
near the upper surface, yet the ravines at the village of Kaltchcdansk showed 
them to be overlaid by forty to fifty feet of thick and thin beds of grey mud- 
stone or claystone somewhat compact, of conchoidal fracture, and covered by 
a bluish and softer finely levigated mudstone. In a jiile of detritus lodged in an 
adjacent hollow, and derived from these beds, we found several fragments of 
amber. 

From the horizontal and undisturbed condition of all these overlying strata, it is 
evident they have been accumulated after the most violent agitations which the 
Ural chain has undergone. Similar beds extend, in fact, far to the north along the* 
lowermost slopes of the Ural chain. At Verkhoturic, where they also surmount 
igneous rocks, they have been described by M. Rose, but neitber in that tract, to 
which we shall hereafter advert, nor at Kaltchcdansk, could we detect organic 
remains in them. On ourMai), therefore, we have simply inserted them (under a 
yellowish colour) as tertiary deposits, of the age of which we are ignorant. Some 
persons, on account of their iml)edded lignite and amber, might argue for their 
assimilation to the German strata of clay and sands with brown coal. Others may 
conceive they were accumulated in a vast basin of fresh water, which separated 

* These rocks were inaccurately described by M. Tchaikovski us containing Olivine and Lcucite. 
They are simply grits made up of fragments of porjihyry, and grains of ijuartz of different colours, in a 
felspathic base. See Journal des Mines de llussie, 1830. 
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from the other tertiary and oceanic deposits, may have occupied a great space in 
Siberia during a more recent period. But we cannot here wander into such specula- 
tions, and having completed the description of one complete traverse of the Ural 
Mountains and their dependencies, from the low country of Europe on the west, 
to that of Asia on the east, we would now transport our readers to other tracts and 
sections of the North Ural, there to till up the lacunae in this first sketch, which 
simply narrates the leading features detected by passing geologists in one journey 
across a tract, having a width of upwards of 300 versts. 

Chief Pfuenomena in the Districts immediately to the north of Ekaterinburg. — In 
journeying from Ekaterinburg to the northern mines, the tourist passes along the 
lateral eastern valleys of the chain in which, and on the banks of their lateral 
streams, gold alluvia have been largely deposited and much worked'. Neviansk, 
the oldest Russian Zavod, established by an ancestor of the DemidofFs, is the first 
pleasing relief offered to the eye of the traveller, who has passed through a half 
desolate tract between it and Ekaterinburg, in most of which the forests have been 
exhausted for the use of the contiguous mines, whilst culture has not yet made 
much progress*. 

Small hills, composed of porphyry, serpentine and other eruptive rocks, range 
to the* east of the Zavod, which, with its large buildings and gay churches, lies in 
a depression between the low trappjean ridge and the eastern counterforts of the 
Ural. Where exempt from the local alluvia and detritus (often auriferous), this 
depression consists essentially of limestone, which from several corals discovered 
in it {Favosites polymorpha, Devonian variety of Amplems tortuosus ?, Caunopora 
ramosa?, &c.) we may consider Devonian. These limestones, with associated 
schists, strike north and by east, south and by west, or exactly parallel to the axis of 
the adjacent portion of the chain. The Ural, as seen from this comparatively low 
tract, has no longer the dim and scarcely perceptible outline which it assumes in 
the parallel of Ekaterinburg, but appears as a narrow, bare ledge, rising up in the 
distance, and separated from the spectator by subconical undulations covered with 
wood, as represented in this hasty little sketch. 

* These gold alluvia, including those of Berezofsk near Ekaterinburg, will be considered in the 
sequel. 

« The foreigner who is making his first excursion in the Ural, cannot hut feel when he arrives at 
Neviansk, that he is in a land of true hospitality ; for a large and comfortable house is kept up by the 
proprietor of the mines for the use of all strangers, from none of whom is any exaction demanded. 
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When examined in detail, where any quarries or openings have been made, the 
relations of the intrusive rocks to the sedimentary are very instructive, even around 
Neviansk ; for whilst the coralline limestone in the valley is little altered, yet 
nearer to the eruptive hills it is in the state of crystalline white and green marble, 
from which a statue of the late proprietor has been constructed. 

Again, in the hillocks forming the fore-ground of the sketch, the igneous rocks, 
graduating from greenstone to porphyry and felspar rocks associated with seqien- 
tine, are seen traversing talcose schists, much dislocated and ‘altered, with occa- 
sional coatings of magnetic iron ore 

Nijny Tagilxk . — Besides the coralline Devonian limestone, which is traceable for 
about twelve versts, chloritic schists and quartzose rocks, with various erujitive 
masses, lie on either side of the route between Neviansk and Nijny Tagilsk. The 
latter, the chief Zavod of the Demidoff family, with a population of 22,000 souls, 
is truly a well-ordered town, in which the comfortable dwellings of the workmen, 
the capacious hospitals for their relief, the schools for the education of the youth, 
the elegance of the public buildings and houses of the chief managers, and above all 
the skill with which the machinery, forges and works are conducted, would reflect 
the highest credit upon any European establishment*. 

If mineralogical details and all the shades of transmutation which sedimentary 
rocks have undergone during former operations of nature had been our object, a 
residence of a whole summer, instead of two or three days, might have been well 
and instructively passed in this most remarkable spot, the centre of a vast j)ro- 
perty ; and where, by the instructions of M. Anatole Demidoff, we were received 
as if he had himself visited his mines, and were treated with overflowing kindness 
by his accomplished agents MM. Danilof and Schwetzoff. Baron Humboldt and 
M. G. Rose have however, to a great extent, supplied what may be deficient in 

' The population of this Zavod is 17,000, and the inhabitants have a fine rural healthy uppearnnee. 

* The artificial lake for working the mills is of very graceful form and of some extent, and a little 
steam-boat was employed upon it. * 
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our brief survey of Nijny Tagilsk, particularly in reference to the structure of the 
adjacent ridge of the Ural, which we did not visit, though we traversed it on two 
parallels further to the north. 

The chief features which arrested our attention here were, first, the geological 
age of the strata ; secondly, the chief metamorphoses they had undergone, and the 
agencies by which such changes had been effected. 

Like many other Zavods along the eastern fiank of the Ural, Nijny Tagilsk is 
situated amid low hills of eruptive rocks with interjacent masses of sedimentary 
strata, most of which have undergone great alteration, and which usually have a 
crystalline or sub-crystalline character. The junctions of these two classes of rock 
or their immediate neighbourhood, are the seats of the chief veins and masses of 
mineral ore which render this locality so productive ; whilst alluvia with gold and 
platinum choke up some of the adjacent transverse valleys that radiate from the 
central mountains. 

Notwithstanding the numerous points of eruptive rocks (for the most part horn- 
blendic greenstone or amphibolite), and the great diffusion of altered rocks in their 
vicinity, patches of limestone are wedged in at intervals, which not having under- 
gone much change, contain sufficient organic remains to enable us to say, that the 
rocks in which they occur are of Upper Silurian age. This limestone, which is 
both of dark grey and whitish or cream colours, according to the lesser or greater 
amount of alteration it has undergone, contains a Pentamerus closely allied to if 
not identical with P. Vogulicus, a turriculated shell which can scarcely be distin- 
guished from the Gothland species Murchisonia cingulata {Turritella, Hisinger), 
find a fragment which we refer to the Orthoceratites calamiteus (Miinst). 

Magnetic iron and its relations . — The limestones above-mentioned appear to 
have been rent in twain by a narrow ridge or wedge of intrusive hornblendic rock 
(greenstone), which extending from the Zavod to the north, rises into the Visso- 
kaya-gora or high hill, on the summit and flanks of which magnetic iron ore has 
long been extracted. From the short time we employed in the examination of this 
magnetic rock we cannot pretend to offer a satisfactory explanation of the relation 
of the iron ore to the adjacent greenstone'. We may, however, add a slight con- 
tribution to what has been already published, particularly as the mines were much 

' Hermann, who first described these rocks, speaks of this trappaean ridge as barren (of mines) 
“ taube,” — a sort of porphyry passing to jasper, and containing white felspar and a little quartz. Miner. 
Bcschr. des Ural, b. i. as. 306, 309, 312. Rose did not examine this rock, but adds, that from the ana- 
logy of other rocks of magnetic iron, and what has been written concerning them, it is probably an augite 
puiqdtyry with Labrador. Reise, vol. i. p. 311. 
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more laid open at the period of our visit than when they were inspected by Bal*on 
Humboldt and his associates. On the summit and slopes of the Vissokaya-gora 
patches of the ore (usually compact and with a conchoidal fracture) have been ex- 
tracted from a very remote period ; but whether these metallic masses are merely 
the upper portions of veins which traverse the surrounding rock, like those in the 
magnetic hill of Blagodat described as dykes by Colonel IIelraersen‘, or mere 
adherent superficial patches which occupied cavities and clefts in the greenstone, 
we could not ascertain. However this may be, the chief mass of the ore is now 
seen to occupy the valley oa the western side of the hill, for it has been deeply 
cut into by open quarries. The refuse stuff or capping of decomposed felspar and 
mixed matter with hydrate of iron having been cleared away, an enormous body of 
the iron ore (fer oxydule), rudely bedded and traversed by numerous joints, is ex- 
posed by great works along a face which, including the useless overlying materials, 
has a height of nearly a hundred feet and a length of several hundred. When on 
the spot it seemed to us possible to account for the appearance> presented by this 
metallic accumulation, most of which is now but little solidified, either by supposing 
it to have been of plutonic origin, and that, issuing from fissures on the hill side, 
it had flowed, when in a molten state, into the hollow where it lies ; or that it was 
formerly a mass of sedimentary materials which had been altered and mimJrali/ed 
by heat and vapours, which making use of parts of the surrounding limestones as 
a flux, had elaborated this metallic substance. A feature pointed out to us by 
M. SchwetzofF may serve to throw some light upon the question of the origin of 
the iron. In opening out the side of the valley nearest to the hill of greenstone, 
irregular knobs or points of that rock were met with, on stripping which it was* 
found, that the iron ore had accommodated itself to the inequalities of their sur- 
face, and that at such points of contact the ore was not only harder and more 
crystalline than usual — in fact almost unmanageable by the workmen — but also 
much more magnetic than at a short distance from the greenstone. Now, if the 
observer were furnished with no other data than these, he might, reasoning from 
the countless analogies of melainorphism which result from the eruption of igneous 
though sedimentary matter, infer that the greenstone intruding into ancient ma- 
terials had, in producing a change throughout their whole mass, rendered those 

* Der Magnetberg Blagodat am Nordliciien Ural, von G. Helmersen, 1837 . Colonel I leliuerseu in thin 
memoir has very proj)erly corrected the errors of previous authors, one of whom hud spoken of the iron 
ore at Nijny Tagilsk as overlying the limestone, a second as associated with grauwuckc, and a third us a 
mass in chlorite schist. 
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parts only which were in contact with it the most crystalline and metallic, by the 
development at such points of the most powerful electrical action. 

We leaned, we confess, when on the spot, to this opinion ; but, after having 
read the memoir of Colonel Helmersen upon the origin of the magnetic iron ore 
of Blagodat (which we regret we were unacquainted with when we examined this 
tract), we are bound to admit, that the phaenomena at Nijny Tagilsk may possibly 
be explicable in accordance with his views, and that the metallic iron ore may 
have penetrated the pre-existing greenstone of the hill and thence have flowed as 
submarine lava or volcanic mud into the contiguous* depressions. The facts that 
the ore expands in width, thickness and dimensions as it is followed into the lower 
parts of the valley, and that it fills up all the sinuosities of the subjacent rock, 
seem, on the whole, to favour this view, to the consideration of which we shall 
recur in the next chapter. 

Copper ores and great mass of Malachites . — In the adjacent cupriferous ground 
at Nijny Tagilsk, fiests and veins of copper ore have been found in the hollows 
between the eruptive rocks ; and although the largest mass of cupriferous ground 
lies at some little distance (nearly an English mile) from the chief mass of iron ore, 
igneous rocks arise on all sides of it. Here, however, the matrix is very dif- 
ferent ‘from that of the iron ore. Instead of overlying and associated clay, the 
copper ground is flanked on one side by a rock much resembling the schaalstein 
or bedded trap of which we have spoken upon the river Issetz, and which highly 
inclined and sometimes vertical, seemed to be affected by powerful faults as repre- 
sented in this woodcut. 

ROUGH VERTICAL SECTION OF THE COPPER GROUND AT NIJNY TAGILSK. 



^ ScbMlatcin and faulted Maaa of malachite. Upper Silurian limeatonc. 
rock*. 
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The ore being worked in shafts, and not like the iron in open quarries, we^re 
by no means certain that this rough drawing, which we made when we descended 
the mine, represents the whole case with precision. Our sole object is to show, 
that in a space between ridges of eruptive rock, and bounded by a wall of scbaaU 
stein, which is itself to some extent impregnated with copper, a considerable 
mass, in a much more incoherent and broken condition, is the chief mining 
ground*. This cupriferous deposit may be nothing more than a broad vein, 
though it seemed more to resemble a sligiitly consolidated heap of detritus which 
had been tumultuously aggregated in this hollow, at a period of convulsion, 
when the subjacent rocks were invaded by some sort of igneous action, and all the 
strata were broken up and re-arranged. In proof of this, points of limestone, the 
surfaces of which are irregularly eroded, polished and worn into depressions, as 
if by water, protrude from beneath into the matrix of copper stuff, in the manner 
described in the previous sketch. Though nearly all traces of bedding are oblite- 
rated, this limestone is still sufficiently characterized by the lar^e Pentameri which 
it contains, to enable us to consider it of Upper Silurian age. That the copper has 
been accumulated subsequent to the consolidation of the adjacent paleozoic strata, 
is, indeed, evident ; since, independent of their dislocated condition, rolled pebbles 
of the limestone have been found in the heart of the mining stuff. Wc were also 
assured by M. Schwetzoff that rounded and rolled lumps of the magnetic iron-ore 
also occur in this cujnifcrous mass ; a fact which must induce the belief, that the 
agency which developed the copper ore, though probably also connected with the 
evolution of mineral springs, was in play at a different and posterior epoch. 

The copper ground wc have been describing having been excavated by shafts,' 
an enormous mass of malacliite was recently detected at the depth of 280 feet. 
Thin strings of green copper ore occurring at itUervals were followed downwards, 
when increasing in width and value, they were found to terminate, at the base of 
the present mines, in an immense, irregularly shaped botryoidal mass of solid 
malachite, the form of which, as far as its lower part has been laid open, is repre- 
sented in the preceding drawing". 

The base of this valuable mass has not yet been traced, but when we examined 

* For all the varieties of copper ore and other minernlB which occur here, see the work of M. Rose, 
which has completely superseded the faithful but now rather antiquated dcNcrij»tions of Hermann. 

• Mr. Murchison brought a model of this mass from Nijny Tagilsk, which was presented to him by 
the Directors. 
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it, surrounding matrix had been cleared away from its summit and sides ; and 
if our notes taken on the spot are accurate, the summit alone has a length of about 
eighteen feet and a width of about nine feet, an enormous bulging mass being exposed 
beneath, the extent or base of which was not fully ascertained. The whole of the 
surface, however, which had been uncovered was calculated to contain not less than 
15,000 poods, or upwards of half a million of pounds of pure and solid malachite. 

The geological interest attached to this mass lies in the indication it affords, that 
the substance called malachite has been formed by a cupriferous solution which has 
successively deposited its residue in the stalagmitic form. “ Mutatis mutandis,” 
this mass has only to be viewed as formed of calcareous spar, and it presents every 
one of the features so well known to those who have examined stalactitic grottos 
with their stalagmitic floors in the clefts and caverns of limestone, or still more those 
large masses of tufa which have proceeded from calcareous wells. Wherever a 
portion of the malachite has been broken off, the interior is seen to consist of a 
number of fine laminae (a fasciculus of radio-concentric globules), which invariably 
arrange themselves equably around the centre on which they have been formed, 
and are adapted to every sinuosity of the pre-existing layer ; here presenting a 
dark line, there a bright and light one ; just as the solution of the moment, the 
day or ‘the hour, happened to be more or less impregnated with colouring matter. 
Besides round concretions, sometimes almost spherical, and also depressions of 
the surface, the under sides of this malachite are singularly analogous to that of 
any large mass of calcareous tufa, in presenting pendent, finger-shaped stalactites, 
which are also composed of concentric laminae. The external surfaces of these 
Concretions are frequently covered with a black ore of manganese which usually 
falls off on being touched. 

When we examined this mass of malachite, much of the surrounding matrix 
had been removed, and it presented precisely the aspect of having been deposited 
in a depression of the limestone and schaalstein. On the whole, we are disposed 
to view it as having resulted from copper solutions emanating from all the 
porous, loose, surrounding mass, and which trickling through it to the lowest 
cavity upon the subjacent solid rock, have in a series of ages produced this won- 
derful subterranean incrustation. We would not, however, wish our readers to 
infer, that we have any authority for believing in the formation at the present day, 
of such cupriferous stalagmites, though it is possible that nature may in some tracts 
be still carrying on a similar process. Throughout all the great cupriferous region 
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to the west of the\jral, we know, indeed, that the chief formation of copper ^aa 
coeval with the close of the palaeozoic aera, as proved by the similar structure of the 
Permian rocks, which, it has been shown, were themselves formed out of the de- 
tritus of a pre-existing Ural chain, and at a period when the surface of the earth 
and the bottom of the sea were affected by waters probably hot and charged with 
cupriferous matter*. At the same time it may be observed, that the geologist can 
occasionally as surely detect the relative ages of mineral masses by their mecha- 
nical condition, as if he were guided by superposition and a tabular order of or- 
ganic beings. Thus one of the earliest changes which has been accomplished, is 
the metamorphisra of the palajozoic strata, for at Lela Istostchinsk in the imme- 
diate neighbourhood of Nijny Tagilsk, a fossiliferous limestone is seen to pass into 
white granular limestone and talc schist, and fragments of such rocks are found in 
the cupriferous agglomerate. Again, magnetic iron is proved to have been one of 
the first of the great metalliferous products of the mountains, since rolled lumps 
of it are found in the copper ground, whilst the accumulation df the latter, coeval 
as we believe with the impregnation of the great Permian deposits of Russia, must 
in its turn have been anterior to the process by which the malachite exuded from 
the surrounding matrix, and was arranged in its present stalagmitic form. 

These are the chief points to which we directed our attention at Nijny Tagilsk, 
to the country around which M. Anatole Demidoft’ is now aj)plying so much scien- 
tific research, that we doubt not he will render it a school where some of the most 
curious metallurgical processes of nature can be best studied. 

By reference to the Map it will be observed, that Nijny Tagilsk, like Ekaterin- 
burg and Neviansk, as well as Kushvinsk, Turinsk, Bogoslofsk, and other places? 
to be hereafter described, is on the low but rich band of rocks which lies to the 
east of the culminating ridge and slope of the Ural. This north and south tract 
is, it will be observed, eminently calcareous, and at the same time the seat of sonic 
of the richest veins and masses of copper and magnetic iron ore ; facts which may 
lead geologists to speculate uixm the probable influence exercised by the limestone 
as a flux in the great metallurgical processes which nature has here elaborated. 
The limestones which are now visible appear, in truth, as mere fragments which 
have been broken up, occasionally transmuted into crystalline marble, and isolated 
by the eruption of igneous rocks, mingled with much serpentine and left in detached 
strips parallel to the principal chain. Without visiting many adjacent locali- 

• Ante, p. 1 C8. 
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tieV, the collection alone which had been brought from them to Nijny Tagilsk 
sufficed to lead us to believe, that all the surrounding limestones were either like 
the Pentamerus limestone of which we have spoken as of Upper Silurian age or 
the oldest part of the Devonian. This inference applies, however, to the compara- 
tively narrow tract only in which the chief mining works of the Demidoff family 
are situated. On its west rise up great igneous and metamorphic masses, which 
constitute the crest of the mountains, and separate the region in question from the 
palaeozoic unaltered deposits on the Tchussovaya and its affluents. 

To the east of Nijny Tagilsk and also within the Demidoff lands, lies another 
and much broader metalliferous tract, which differs from any zone upon the west, 
in being essentially granitic, though amidst it are other low ridges of syenite, 
greenstone and serpentine, all trending from north to south. Amid these intrusive 
rocks palaeozoic limestones occur at intervals, and are often highly altered. In 
one specimen, however, we detected the Cha;tetes radians, a true carboniferous 
coral, which led u§ to suppose that this eastern tract might be viewed as a pro- 
longation to the north of the palaeozoic group we have described in the same parallel 
of longitude upon the river Issetz, where it is also associated with granitic, por- 
phyritic and metamorphic rocks, the whole of which subside gradually into the 
plains of Siberia, where they are overlapped by tertiary accumulations (see p.SGh). 

P.S. After these diapters were written, our friend M. Lc Play, the able mineral surveyor and metallurgist 
of whom we have already sjiokcn in relation to the coal country of the Donetz, was sent by M. Anatole 
Demidoff to examine his Urulian mines. We had great pleasure in furnishing this gentleman with a copy 
(not then finished) of our general geological Map of Russia and the Ural, and particularly requested him 
1^ employ his leisure moments in verifying or correcting the observations we had made. Whilst these 
sheets were going through the press, M. Lc Play addressed a letter to Mr. Murchison, which, in addition 
to some remarks concerning the different ages of the eruptive rocks, the limits of the unaltered palaeozoic 
deposits on the Tchussovaya, and those of the more crystalline limestones around Nijny Tagilsk, contains 
a very clear account of the real nature and origin of the magnetic iron ore of these mountains. We are 
very glad to perceive that, botli in the letter to ourselves, and in the one addressed to M . Elie de Beaumont, 

' From the collections made at Nijny Tagilsk we recognized the Pentamerus limestone at the follow- 
ing localities : — Leba, and other places between it and Tchornoi Istostchinsk : Laisk, eighteen versts north 
of Nijny Tagilsk, where the Favoaites polymoiyhus, Stromatopora concentrica, and stems of Cupresso cri* 
nites having been found, render it probable that the limestone there is Devonian. Again, at Vissimo- 
shaitansk, near to which platinum alluvia have been described by Humboldt and Rose, and which, though 
in direct communication with and dependent upon Nijny Tagilsk, is on the western slope of the axis, 
Pentameri occur in a black dolomitic limestone mincralogically undistinguishable from rocks upon the 
Tchussovaya, which will be spoken of hereafter as Devonian. 
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(see Comptea RenduB de Tlnstitut, October 1844), M. Le Play states in the most unambiguous manner, 
that all these magnetic iron ores are of igneous origin, thereby confirming the view apjdied to Mount 
Blagodat by Colonel Helmersen, to whose observations we shall refer in the next chapter. M, Le Play 
shows, that as great accumulations of this ore are often essentially composed of felspar and hornblende 
and traverse other rocks, they must be considered igneuusly-formed masses, which, where the above- 
mentioned materials diminish and the magnetic iron prevails, constitute (particularly when holf-decom- 
posed) the productive mines of the Russians. The observations of so good an authority as M» Le Play, 
who has extensively studied the position of magnetic iron ore (fer oxydulC*) in Spain, and who has found 
this ore to be more or less disseminated in the very body of many of the igneous rocks of the Urol, is of 
great value in the decision of this question. 
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NORTH URAL OF THE MINERS— (continued). 

Environs of Kushvinsk and Mount Blagodat. — Transverse Section from thence across 
the Chain to Serebriansk. — Descent of the River Serebrianka to its Mouth. — Descent 
of the Tchussovaya from Ust~ Serebriansk to Ust-Koiva, — Transverse Section across 
the Ural from Ust-Koiva by Bissersk, Chrestovodsvisgensk and the Katchkanar, to 
Turinsk and Verkhoturie. — Environs of Bogoslofsk with Sections. — Descent of the 
River Kakva. — Conclusion. 

The same general character of rocks which prevails in the tract between Eka- 
terinburg and Nijny Tagilsk, extends northwards to Kushvinsk, and thence along 
the easlern flank of the Ural to Bogoslofsk and Petropaulofsk. Reverting to 
the consideration of the most northern of these districts at the close of this 
chapter, we will first take a rapid survey of the principal geological features 
around Kushvinsk, as a prelude to a second general traverse across the chain 
from thence to Serebriansk. 

• Brief Sketch of the Environs of Kushvinsk. — Immediately to the ^ east of the Im- 
perial Zavod of Kushvinsk' rise up the hills called the Greater and Lesser 
Blagodat (see PI. II. fig. 3), upon and around which much magnetic iron ore has 
been extracted during a century. It was upon the higher of these mounts 
(described by numerous writers*, from Pallas in former days, to Humboldt, Rose 

‘ Colonel Galaliofski of the Imperial School of Mines, Director of the Zavod of Kushvinsk, at the 
period of our visit, afforded us every assistance in his power to facilitate our examination of the environs, 
of which his officers had prepared a detailed lithological map. Kushvinsk has a population of 6000 souls. 
The establishment is now directed by the able mining engineer Colonel Vdlkner, who was so serviceable 
to us at Perm (see p. 144). 

« This mount, as well as many other of the North Uralian rocks, has been described by Hermann, 
Kupffer and Ad. Erroan, and Hoffmann. See Hermann’s Mineral. Beschreibung und Erzahlung meiner 
Reisen, &c. ; Kupffer’s Essai d’un Tableau Gdognostique de I’Ourel ; and Erman’s Reise um die Erde. 
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and Helmersen in our own time) that the Vogul chief Tchumpin was sacrificed 4nd 
burnt by his wild countrymen, for having introduced the Russians to the tract, 
pointing out to them the site of the ore. 

According to Colonel Helmersen, who has given an admirable geological de- 
scription of these environs, this mount is about 500 feet' above the adjoining lake, 
and its summit is rendered conspicuous by a monument which records the barba- 
rous sacrifice. Differing somewhat from the rock which is associated with the 
magnetic iron at Nijny Tagilsk, the chief eruptive rock in the Great or Lesser 
Blagodat is felspathic augite porphyry. This rock is fully displayed between the 
Zavod and the higher summit, on approaching which, upright masses with metallic 
surfaces are seen to rise out, as it were, from the porphyry, indicating the ancient 
quarries from which the iron ore has been extracted. As far as they have been 
worked down, these excavations exhibit a continuous mass of the same fine-grained 
magnetic ironstone, with flakes of yellow and pink felspar and brown mica. Re- 
ferring to Colonel Hcltnersen’s very valuable details of the variation in structure 
of these rocks in different parts of the hill, it is enough for our purpose to state, 
that this author seems to have satisfactorily proved these felspathic ironstone 
masses to be portions of dykes of eruptive character which have traversed the 
augite porphyry, a fragment even of that rock having been found in one of them 
which rises up from near the base of the hill. 

In our very hasty survey we descended from the summit of the higher Blagodat 
into the adjacent depression on the east, in which the greatest masses of the iron 
ore have been accumulated ; and though when on the spot we were not led to en- 
tertain the opinion of Colonel Helmersen, and were rather disposed to view thw 
great lateral and rudely stratified accumulations as sediments which had been me- 
tamorphosed by the influence of the contiguous eruptive rocks, we were then igno- 
rant of the fact, that dykes of really intrusive character, made uj) of crystalline 
and igneously- formed minerals, and clearly formed posterior to the body of the 

^ Helmersen states, that the Zavod of Kuhhva (or Kushvinsk), being about 800 French feet above thi 
sea, the absolute height of the summit of tlie greater Blagodat is 12G0 French feet, (’ailing the lesser 
hill Blagodatka, the same author mentions, in addition to other variations in mineral charuett^r. that on 
the south side the rock passes into an amygdaloid with nests of quartz, that on the north side of the hill 
blocks of fine-grained limestone occur, and that Colonel Josse had found nests of lime.stone in the body 
of the rock. (Der Magnetbcrg Blagodat am Nordlichen Ural, 1837.) Again, according to Hermann, 
portions of beds of limestone were in his time detected in the ferriferous mining mosses. (Hose, vol. i. 
p. 346.) 
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moantain, contained similar iron ore. Now that we are acquainted with this fact, 
which so clearly demonstrates the magnetic iron ore to have been erupted’, we have 
no hesitation in agreeing with our skilful cotemporary, who has so closely studied 
the rocks of Blagodat, that these great masses of iron ore have flowed into this 
depression from Assures in the adjacent hill, and that they have since been cut 
through by other dykes of similar matter. In our description of the Katchkanar 
we shall adduce independent proof of the igneous origin of magnetic iron. 

Besides the porphyry and magnetic iron of the Great and Little Blagodat, the 
environs of Kushvinsk are surrounded by a vast number of other eruptive rocks 
differing in mineral composition, the outlines of which were laid down by the 
Russian mining engineers in a detailed map of the rocks around the Zavod, which 
had been prepared for our use. These intrusive rocks so predominate, that the 
original sedimentary strata are only to be detected in very small and isolated 
fragments, or in bands of highly altered chlorite schists. The important point, 
however, for geologists like ourselves to dwell upon was, that whether composed 
of horublendic greenstone as at Nijny, or of greenstone porphyry as at Laisk 
and Blagodat, all the intrusive rocks on this zone are upon the same line of erup- 
tion, and all, according to our view, have produced varied metamorphic and mineral 
effects ‘upon the stratifled deposits. 

But still amid this chaos of eruptive and metamorphic rocks, well-known sedi- 
mentary strata are to be detected at intervals. Thus we observed fossiliferous 
limestones a little to the north of Kushvinsk in a highly cultivated tract through 
which the road to Bogoslofsk passes*. To the west of that route, about flfteen 
Versts south of Nijny Turinsk, in the midst of the forest, and on the banks of a 
rivulet known among the Russian settlers as “ Retchka Isveostka,” or limestone 
brook, we met with strong beds of limestone striking to the north-north-west. 


* See M. Play’s confirmation of this view, ante, p. 376. 

® In writing to us concerning the igneous origin of the magnetic iron ore, M. Le Play, after stating 
that Nijny Tagilsk and Blagodat are not the most appropriate localities for this inquiry, thus expresses 
himself:—*' La question se resout surtout par I’etude des roches crystallines, qui forment de si grandes 
masses, soit dans le centre de la chaine de I’Oural, soit dans les contr6es qui s’etendent v^rs Test, du c6t6 
de la grande steppe de Siberie. Le fer oxydul6 y est, pour ainsi dire, un occupant constant des roches 
crystallines, d la mani^re de Valbite et de Vamphibole ; et ^a et lil il y forme des montagnes oh le fer abonde 
plus que les autres ^l^ments : en beaucoup de points il forme des gites speciaux, oil les autres ^Idments 
disparaissent presque compl^tement, et qui suffiraient seules k alimenter des hauts fourneaux pendant des 
centaines d’ann^es.'* — Extract from a Letter to Mr. Murchison dated Ekaterinburg, August 30, 1844. 
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and dipping 30° to the east. Among their fossils were a Pentamerus, clos^y 
allied to P. Baachkiricus (nob.), the large Lepteana Uralensia (nob.), with Orthis 
striatula, Terebratula reticularis, corals, &c. These beds of limestone are of a dark 
colour, alternate with shale, and have altogether an unaltered aspect. Surrounded 
by eruptive and metamorphic rocks, they constitute one of those “ oases ” or 
fragments of the original deposits, which occurring at intervals along this chain, 
serve to explain its original character. 

It would, however, be presumptuous in us to attempt to define too precisely the 
age of this isolated calcareous fragment, the Pentamerus of which led us at tlie 
time to consider it of Upper Silurian age ; but as we afterwards found the Leptama 
Uralensia associated with Devonian fossils (on the Serebrianka), the rock under 
consideration may perhaps be classed as Devonian, particularly since its corals, Caii- 
nopora ramosa, Stromatopora concentrica, and Favosites pohjmorpha (var. Dev.), are 
very indicative of that age'. The limestone is to a great extent covered by coarse 
detritus derived from the adjacent hills, in which some calcareous specimens occur, 
amid many of an eruptive and raelainorphic character, and from which grains of 
platinum have been extracted. 

Transverse Section across the Ural from Mount Blagodat and Kushr insk to Sne- 
hriansk. — Between the Zavod of Kushvinsk and the first counterforts on the eastern 
flank of the Ural-tau or ridge, no natural sections are visible, and the road passes 
over undulations of various igneous rocks, which, according to the Russian engineers, 
consist of porphyry, greenstone, aphanite, serpcntiae, &c. 

At the small Zavod of Verchny Barantchinsk, talc schists are seen to be thrown 
off from a mass of greenstone, which rises into a hill called the Limctree Hill. * 
From the depression to the west of this eminence, the ascent of the real Ural-tau 
or water-shed commences. The rocks discoverable on the sides of the route are 
finely laminated micaceous schists, in parts, indeed, somewhat carbonaceous, with 
occasional quartzose bands and veins of quartz*. The whole of the tract between 
the summit of talcose and chlorite schists and the environs of Serebriansk is, it 
must be admitted, as uninteresting and monotonous a mountain side as we ever 

' Though the above-mentioned rock is little if at all altered, other limestoncB near Kuslivinnk are in 
the state of white crystalline granular marble. In one of these we detected the form of Favonitfs doth- 
landica ; so that this rock may be true Upper Silurian. 

* Colonel Helmersen states that he found specimens of the quartzose micaceous schist called “ Itaco- 
lumite” near this axis. We shall hereafter advert to this rock as the matrix of diamonds. (Itcise nach 
dem Ural und der Kirgisen Steppe, part ii. p. 199.) 
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tKiversed. Poor gold washings, now abandoned, were formerly worked at Kedrofka 
in a depression near the axis, and deposits of brown iron ore between that and 
Rabina Gora, slightly diversify the features of the subsoil, which invariably present 
the facies of metamorphic rocks, amid which one band of white crystalline lime- 
stone is apparent, and has, like all the other strata, a persistent strike from south 
to north. At the village of Lukovka, thirteen versts from Serebriansk and on the 
western slope of the chain, small greenstone protrusions were first observed by 
Colonel Hehnersen, the position of which is highly interesting in exhibiting a 
central axis of metamorphic rocks enclosed between eruptions of igneous matter*. 

It was, indeed, very gratifying to see, that in proportion as we receded from the 
igneous zone upon the east, the sedimentary strata gradually parted with their tal- 
cose, quartzose and cbloritic character, and assumed the appearance of ordinary 
argillaceous schist, with bands of grauwacke, grit and psammite, all parallel to the 
crystalline axis of the chain. Arrived at Serebriansk, the appearance of the strata 
at the edges of tiie excavations around the Zavod and along the banks of the ar- 
tidcial lake and of the river Serebrianka, led us to suppose, that the strata were 
not of higher antiquity than the Uppermost Silurian, particularly as we found the 
Leptama Uralensis and Terebratula a^era in a band of impure limestone. 

Dhscent of the Serebrianka River to its Mouth. — The Zavod of Serebriansk is 
established for the purpose of catching the waters of the Serebrianka river before 
they enter into a narrow and tortuous defile of some length, by which they escape 
to the Tchussovaya. A large lake is thus established above the works, by the 
water of which the ores of Blagodat are to a great extent worked. Having 
expressed our desire to descend the Serebrianka to its junction with the Tchus- 
sovaya (for we saw by the Map that its banks must expose good sections of the 
strata), it was most mortifying to perceive, that the river beneath the water-works 
was nearly dry. The Imperial instructions, however, for the fulfilment of our 
wishes were not to be slighted, and by daybreak after the evening of our arrival 
at Serebriansk the worthy Director of the establishment, M. Moskvin, having let oflF 
a large body of water from the upper reservoirs or lakes, had in one night created 
a river for our use, on which by daybreak a few canoes and a larger boat were 
already afloat and manned ! 

In this little flotilla we descended the wild and uninhabited gorge, though not with ' 

■ M. Le Play also speaks of hornblendic rocks on the western slope of the axis, but to the south of 
this section. (Comptes Kendus, October 21, 1844, t. xix. p. 853.) 
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facility. The body of water was insufficient for our larger boat, laden with prolu- 
sions and baggage, and even in the smaller canoes it was difficult to avoid the rocks ; 
so that after descending for some hours, one of them was upset and the geologists 
were well drenched in the rapid stream*. The large boat, often lifted through the 
rapids by our hardy and cheerful boatmen, was at length worn through by the 
rough treatment of the projecting rocks. When within two miles of the mohth of 
the river we were compelled to abandon the flotilla and endeavour to force our way 
by night along the edges of the wild, untrodden and virgin forest on the banks ot 
the Serebrianka, not reaching the warm and dry huts of the peasants at Ust-Sere- 
briansk until two in the morning. 

Such privations were, however, amply repaid by the knowledge we obtained in 
this long day’s work, of the true structure of the band of country between Sere- 
briansk and the Tchussovaya, through which the river Serebrianka meanders in u 
deep gorge, for a distance of nearly seventy versts. All the strata around the 
Zavod of Serebriansk had (as we have already remarked) lost* their crystalline 
characters, and had passed into paheozoic rocks of ordinary sedimentary ciiurac- 
ters. They are still, however, exceedingly convoluted and much dislocated. Nu- 
merous examples of this condition may be seen around the Zavod, and the annexed 
diagram representing their aj)pearance a few versts below 
it, where they constitute the rocky banks of the Sere- 
hrianka, wdll sufficiently illustrate the flexures and faults 
to which the whole tract has been subjected. 

Thinly fissile schists, often of purple plum colours, roll over and over with 
courses of quartzose and psammitic sandstone, the grauwacke sandstone of authors,, 
occasionally highly ferriferous ; and these beds are frequently repeated by countless 
flexures. 

At about forty versts (following the bends of the river) beneath the Zavod of 
Serebriansk, the grauwacke schists fold under the first limestone we observed ; 
and about twenty-six versts from its mouth, we met with other limestones (a little 
above the junction of a brook called Shuroska). The annexed woodcut will suffi- 
ciently explain the relations and succession. The rock here {a) is a dark grey, 
hard, impure limestone, subordinate to schist or shale, is much contorted, and 
striking to the north-north-west, contains no determinable fossils. To the west, 

* Our whole party was reunited at Serebriansk, and continued together in the descent of the rivers 
Serebrianka and Tchussovaya, and also in traversing the Ural by the Katchkanar, 
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Stinx!' voi, or the wall. Though we did not discover fossils at this spot, there can 
be no doubt that this is true carboniferous limestone, both from its lithological 
identity with rocks a little lower down the river, which contain characteristic 
remains, and from being similarly superposed to true Devonian rocks. In fact, 
after various contortions of the inferior beds, the very same limestone, i. e. a light 
grey uniform rock, like the prevalent carboniferous limestone of England, and 
very different from the dark-coloured and while-veined Devonian limestone, rises 
up into the bold and lofty cliffs called Multik, 300 feet high, the beds of which 
plunge towards the Ural, and in which we found the Productus Scoticus, Caryo- 
phyllia fasciculata (Flem.), with other mountain limestone forms*. 

These masses of limestone are, indeed, 
distinctly seen to lie in a trough ; since on 
proceeding somewhat eastward by a bend 
of the river towards Oslanski Pristan, 
we again met with precipitous peaks of 
Devonian limestone (Igluvostroi-kamen), 
for the most part in highly broken and 
grotesque forms as represented in this 
woodcuU 

The older members of the Devonian 
system, or the upper part of the Silurian 
(where there are few limestones and fos- 
sils it is impossible to draw' neat lines 
of^division in a rapid survey), are thrown 
about with an inverted inclination, often 
plunging towards the Ural, and occupy 
low domes and undulations around the 
station of Oslanski Pristan. These de- 
posits are composed of purple, red and greenish and grey schists and grits, with 

' Productus gigas, P. antiquatus, P. Scoticus, Spiri/er Mosguensis, with Cary ophyllia fasciculata (Flem.) ; 
Harmodites reticulata (Syringopora, id. Goldf.), H. ramulosa, Favosites spongites, and other carboniferous 
fossils occur at Ilink and further up the stream. Several of the corals mentioned in this and other pages 
had not been seen by Mr. Lonsdale when these sheets were going through the press, and they may under 
his scrutiny be occasionally distinguished by other names. (See in subsequent part Mr. Lonsdale’s de- 
scription of the corals.) 
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courses of impure limestone, on the whole resembling the older beds upr/i the 
Serebrianka, p. 383. 

In proceeding thus far, by the devious turns of the Serebrianka and Tchussovaya, 
we had therefore learnt, that the whole region was chiefly made up of lower palaeo- 
zoic rocks, the folds of w'hich opening out in proportion as they receded from the 
chief axis of the Ural, at length throw OS’ troughs of carboniferous limestftne — that 
we had, in short, advanced from older to younger deposits. 

This inference was completely confirmed by a further descent of the Tchusso- 
vaya from Oslanski Pristau' to Ust-Koiva, which occupied us two days. In this 
space (of not less than thirty English miles in a straight line, and perhaps double 
that distance by the stream), in which the river Tchussovaya meanders nearly 
transverse to the strike of the strata, we passed over striking flexures, in which true 
Devonian masses, one of them exhibiting bauds of liard, thick-bedded dull red 
sandstone, wdth greenish spots and blotches very much resembling the old red 
sandstone of the Highlands of Scotland, are associated with and overlaid by imj)ure 
and other limestones, with characteristic Devonian fossils, whilst these are in their 
turn surmounted by great masses of true carboniferous limestone. 

Further to the west we took leave of the older schists and ])sammites, and 
thenceforward were in a more purely calcareous tract. At Tchisrnar there is a 
striking anticlinal, where Devonian limestone and calcareous shale dip ofl to the 
east and west from underlying reddish rocks. In the upper strata near this jilace 
we collected the lAthodendron cwspitosum in as great profusion as at Lustheide on 
the Rhine, together with Favosites polymorpha, Stromatopora cnncentrica, 8i)iriJ(fr 
Murchisonianus, &c. From this point, indeed, to Kinish, or Kumuish, on thejeli 
bank, the river flows in limestones for the most part Devonian, and often in the 
state of dolomite, and which are surmounted by carboniferous limestone, of which 
we traced a few characteristic fossils at intervals, though usually the latter rock 
seemed to contain Encriuites only. Although the natural sections convinced us 
that tw'o limestones, the lower dark and white-veined, containing Devonian fossils, 
and the upper light grey, containing carboniferous fossils, are occasionally in juxta- 
position on the banks of this river, we cannot pretend accurately to define each 
junction. We will simply say, that the one, if not directly inemmhent (»n the other, 
is separated only by a few bands of grauwacke grit. 

' This place is the port on the Tchussovaya for the mineral j)roilucf tram^initU d fiora Kushvinsk nud 
Serebriansk. « 
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Aijnaore picturesque river gorge was certainly never examined by geologists. 
Between the hamlet of Kinish and Ust-Koiva we passed through scenes even sur- 
passing in beauty those higher up the stream, and to which it would have required 
the pencil of a professed artist to do justice. The river runs in a limestone gorge, 
in which cliflFs of every variety of form, occasionally exposing large caverns along 
their vertical faces, with trees and flowers grouped about in the clefts : rocks, 
varying in colour from black to white, in structure from amorphous dolomite to 
plane-bedded limestone, and twisted about into basins and anticlinals — here rising 
into serrated and broken peaks, there bending into graceful slopes — appeared in a 
continual succession’. We offer to our readers a sketch, taken at a point where 
the river is very tortuous, and must leave it to his imagination to conceive how 
beauteous are these scenes in all their summer glory. In the opposite lithograph 
a large bowl of carboniferous limestone, presenting a lofty precipitous face and 
covered with foliage, is seen in the distance, on the opposite or left bank of the 
stream ; whilst highly-inclined and contorted rocks, which we believe to be De- 
vonian, occupy the foreground. 

The local name of the most remarkable of these basins, as represented in this 
woodcut, flanked by a striking mural mass of limestone (a) 300 or 400 feet in 
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height, has escaped us ; but certain peaks were known to our boatmen as the 
“ ^ur brothers,” and another fine face of rock was termed “ Guselny Kamen,” or 
the musical stone. Some of the caverns, like those before mentioned on the Issetz, 
are said to have been inhabited by Yermak, the Cossack conqueror of Siberia, and 
therefore the great hero of the Ural Mountains*. 

In approaching Ust-Koiva these grand calcareous flexures begin to cease, and a 
long ledge of the upper limestone, loaded with true mountain limestone fossils, 

' The most prevalent fir-trees are the Pirns abies and P. picea, here and there a gigantic Pinus cem- 
bra and a larch, with birch, aspen, &c. &c. Among a profusion of wild flowers we were specially struck 
with the beauty of the Cypripediutn calceola, and many species of Orchidets, Vicia, Stachys, &c. 

‘ It was from the adjoining Zavod belonging to the Strogonofif family, then almost exclusively pos- 
sessing this region, that Yermak the Cossack first proceeded in his expedition into Siberia. In that 
, establishment he found a sure retreat and centre of operations between his first exploits and his final 
conquest of Siberia — a conquest scarcely less wonderful than that of Mexico by Cortez. 
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dips to the west, under the millstone grit, in the manner previously described,^nd 
represented in the woodcut, p. 126. 

Here then the geologist has reached the western term of the more violent disturb- 
ances due to the outburst of the plutonic rocks and the upheaval of the Uralian 
axis, and from this point to the west the carboniferous limestone simply folds over 
in broad undulations capped by millstone grit, occasionally containing a little coal ; 
whilst all these more ancient palaeozoic rocks subside beneath conglomerates and 
deposits of the lower country. Such conglomerates arranged in horizontal strata 
we met with at the mouth of the river Usva and opposite the village of Komasino, 
where they alternate with beds of sandstone. They are entirely made up of frag- 
ments of the adjacent palaeozoic rocks on the east, and certain fragments of carbo- 
niferous limestone, from the size of a child’s head to that of the fist, mingled with 
pebbles of quartz, sandstone, chert, Lydian stone, &c. Such beds, similar to those 
observed in the same position on the route between Kongur and Ekaterinburg 
(p. 354), tell an unambiguous tale, and assure us that one of the great elevations 
of the Ural chain took place after the formation of the carboniferous limestone and 
millstone grit, the fragments of which have been dejmsited at the foot of the highly, 
inclined and broken formations which have been described. 

Transverse Section of the Ural from Ust-Koiva on the west by Dissersk and the 
Katchkanar to Turinsk and Verkhoturie' on the east (PI. 11. fig. .5). — Having en- 
deavoured to explain the nature of the deposits on the western flank of the North 
Ural, as exposed in the gorges of the rivers Serebiianka and Tchussovaya, we now 
beg our readers to repass with us into Siberia, on a more northern parallel, — one 
by which we could not have travelled without the united assistance of our lamented 
friend Prince Butera and the Imperial Government. A part of this Journey only, 
viz. to the gold mines of Chresto-vodsvisgensk, can be accomplished in the tilegas 
and light carts of the country, the central ridge being with difficulty passable on 
horseback. 

To the east of Ust-Koiva, a plateau of millstone grit is succeeded by carboniferous 
limestone, similar to that on the Tchussovaya, on which is situated the Zavod of 
Alexandrofsk. Undulating and unaltered strata, chiefly carboniferous, continue 
a little to the east of that place, when the older grits and grauwacke (Devonian ‘0 
with subordinate limestone are found penetrated by intrusive rocks. 

These intrusive rocks stretch out in a zone from north to south in the meridian 
of Bissersk, the chief Zavod of the tract, and are most apparent about twelve 
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vei»t8 to the north of that place, where they are specially distinguished by con- 
taining that beautiful green mineral “ Ouvarovite,” so peculiar to the Ural Moun- 
tains and Siberia. This line of eruption, it will be observed (see Map), is parallel 
to the crest of the Ural. In looking at these rocks of Bissersk and those of Nijny 
Serginsk as two north and south' lines of eruption, the geologist may well account 
for the* great breaks and occasional metamorphism of the intermediate strata, of 
which we have just treated as exposed upon the Tchussovaya. But between these 
small lateral and western lines of eruption and the chief ridge of the Ural, where 
other eruptive rocks appear, many sedimentary deposits occur, and just as in other 
traverses we perceived, that in proportion as the strata approach the grander lines 
of igneous protrusion, so are they more metamorphosed and crystalline. 

For a few versts to the east of Bissersk no rocks appear through the deep and 
heavy alluvia and morass, but on reaching the little depression in which gold 
and diamond alluvia occur (twelve versts east of Bissersk), strong ledges of black 
dolomitic limestone have been laid open, which strike from 35° west of north to 3.5° 
east of south. In some places, where the alluvia have been removed, the beds are 
seen in highly inclined positions, sometimes vertical and at others inclining 70° to 
80° towards the Ural. These dolomites, in the least altered parts of which we de- 
tected a few imperfect organic remains (Corals, Terebratulse, Spiriferse, &c.), have 
much the aspect of those on the Tchussovaya, except that they are still more cry- 
stalline. They are flanked on the west, and in fact pass into talcose schists, with 
bands and flattened concretions of quartz, and as both these rocks have clearly 
been altered, we conclude that the same causes have aftected each of them. In 
Ij^ct, we observed between the beds of the dolomite, laminie of talc schist similar 
to those which occur in the talcose and quartzose rocks of the adjacent moun- 
tains. 

Throughout the greater portion, however, of the tract around Chresto-vodsvis- 
gensk, the subsoil is completely hidden from view by thick mounds of gravel, for 
the most part very coarse, in which the gold ore occurs, and in which a few dia- 
monds have been detected. To these a future reference will be made, and we now 
proceed to describe the passage of the Ural by the mountain of Katchkanar. 

Passage of the Ural by the Katchkanar to Turinsk and Verkhoturie . — ^The road 
by which we were to pass the Ural (for the greater part a mere horse track), not 
having been used for some years, it was necessary to send workmen in advance, 

' See page 354. 
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both to open it out where obstructed by the growth of trees and branches anS to 
order guides and horses to meet us from the Imperial Zavod of Turinsk on the 
Siberian side of the chain to which we were proceeding'. 

The country between the great alluvial depression in which these gold mines 
are situated, and the real water-shed of the Ural is featureless. Dense foli^ige ob- 
structing all lateral view, nothing is seen beneath the feet of the traveller save 
bog and marsh plants, and no vista whatever can be obtained through the dark 
and gloomy forest, in which his horse flounders, amid half-rotten and broken logs, 
occasionally sinking to the saddle flaps in mire. The few points of stone which 
protrude through the detritus and vegetation, are barely sufficient to acquaint him, 
that here, as between Kushvinsk and Serebriansk, the substratum is a chlorite 
schist, which not being of a hard nature, has been worn down into inconspicuous 
rounded slopes. The ascent of these hills is, indeed, so gradual, that our guides 
had some difficulty in persuading us we had reached the summit level (see section, 
PI. II. fig. 5). 

Immediately to the east, however, of the oi’ograj)hical axis, a very diflerciit scene 
awaited us. Scarcely had we begun to descend with the waters to the cast, when 
turning sharply to the right by a narrow j»athway, we were suddenly in a new 
world. A large chaotic assemblage of loose angular blocks lay around us, from 
amid which rose the magnificent Pinus cembra, towering above all its associates of 
the forests, the rocks being overgrown with paeonies, roses and geraniums. Such 
rocky features alone would have led us to su])pose that we were at the foot of the 
object of our exploration, when in a few minutes the broken and jagged outlitie 
of the Katchkanar burst U])on the sight, under a fine bright sun, and amid tll6 


‘ The Director of the mincH of Chiesto-vodsvisKcnsk, M. Graubc, a most intidlif^eiit Saxon miner, made 
every arrangement for this exjicdition, consisting of twenty horsemen, and also accompanied us to the 
Katchkanar and bivouacked with us for the night in an open shed, “ balagan/’ constructed on the mo- 
ment and roofed in with birch bark by tmr handy Russian attendants, having taken care to send forward, 
according to hospitable Uralian custom, a supply of food and beverage. There, on the eastern foot 
of the Katchkanar, vre met with horses and men sent on from Turinsk, who conducted us to the Jiigh 
road between Ekaterinburg and Bogoslofsk, having previously cut aw^ay the obstructing boughs along the 
narrow pathway. Lying in the ** balagan '' before mentioned, with our feet towards a large fin?, we may 
remark, that scarcely could the smoke defend us from the myriads of mosquitoes of these nortlierii forests, 
which in the height of the summer overpower the strongest man, and render geological observation diffi- 
cult, even in such gauze masks as we wore. Next morning, bidding adieu to the kind and intelligent M, 
Graube and his followers from the west, we quitted the Katchkanar and passed on to the banks of the Is 
and the Imperial mines of Turinsk. • 
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THE KATCHKANAR MOUNTAIN, 


mefty song of birds. The duU, wet and marshy woodlands were now exchanged, 
for sunshine, rocks and gorgeous vegetation. At length, then, we had found out a 
true mountain in the Ural, and leaving our horses at the first buttress which rises 
abovn the forest, we ascended the impending crags. Accustomed as we have been 
to the wildest features of the western Highlands of Scotland and the Alps, we are, 
unacquainted with any scene presenting a finer foreground of abruptly broken rocks 
and never certainly had we looked over so grand and solitary a trackless foresf as 
that which lay around us, and from which some straggling distant peaks (those on 
the north only being still capped with snow) reared their solitary heads. The 
accompanying sketch, slight as it is, may convey some idea of these primaeval 
forests and the desolate rocks which they envelope. 

A great portion of the rock around the Katchkanar, particularly near its base, 
consists of white and green felspathic greenstone, both coarse and fine-grained. 

The chief summits, however, have a peculiar aspect. In scrambling over their 
dark surfaces, the 6rystals of augite so stand out from the felspathic mass, that in 
external aspect they reminded us of the crags of Coruisk in the Isle of Skye, where 
the hypersthene rocks' pass into greenstone. The upper masses of the Katchkanar, 
though unquestionably of igneous origin, are regularly stratified (see coloured section, 
PI. II. fig. 5). They occur, in fact, in distinct beds, which are as symmetrically tra- 
versed by joints as those of any sedimentary formation. The Katchkanar may be 
compared in its rugged form, as well as in its general geological relations, to the 
picturesque Welsh mountain of Cader Idris, which being of about the same altitude, 
is also 'for the most part composed of stratified igneous rocks (greenstones), por- 
phyries, &c., which rise up through metamorphic and palaeozoic strata, whilst the 
neighbourhood exhibits syenites and other rocks, like those of the Ural, intruding 
through slates which are now known to be of Lower Silurian age*. The prominent 
summits consist of a series of rugged, broken masses bare of all vegetation, which 


* Pallas’s description of the Katchkanar, which is neither geological nor detailed (vol. p. 267), is 
chiefly remarkable for the account of the powerful magnets procured from this rock. Adoljih Erman 
determined its altitude to be 460 toises, or nearly 3000 English feet, and fixed its longitude. Gustaf Rose, 
who did not yisit it, simply describes three specimens sent to him as coarse-grained magnetic iron, gra- 
nular iron ore and augite, and coarse-grained augite sprinkled with iron ore. It is the metallic lustre 
of some of the crystals which gives to this augitic rock the aspect of the hypersthene of the Western 
Highlands and of Radnorshire. (See Silurian System, p. 318.) 

« See an excellent account of the structure of Cader Idris by Mr. A. Aikin, ’fransactions of the Geo- 
logical Society, vol. ii. p. 273. 
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though apparently throw;! about in confusion, when viewed from below, are f6und 
to be regularly bedded and traversed by two sets of joints, the one striking from 
north-west to south-east, the other from north-east to south-west. Courses of 
hard and pure magnetic iron ore, from one to a few inches thick, line the first- 
mentioned joints. This mineral is also so diffused through the body of the rock, 
that wjjerever we placed ourselves, the needles of our compasses vibrated in all di- 
rections, and we were only enabled to decide upon the true direction of the joints 
by the place of the sun, and the relative position of distant points of the chain. 

Whilst gold alluvia have been derived from veins in the adjacent rocks both on 
the west and on the east, detritus containing platinum occurs at various points 
near the central ri^e. Similar alluvia have been described by Humboldt and his 
associates at Vissimo-Shaitansk, near the crest of the Ural, in the parallel of Nijny 
Tagilsk, where the platinum is associated wdth greenstone and hornblende rock 
containing chromate of iron. From this association it has been inferred, that these 
hornblendic igneous rocks with magnetic iron, are probably the sources from whence 
the platinum has been derived. On this point we now merely note, by the way, 
that the igneous rocks of Katchkanar seem to have j)layed the same i)art as those of 
Vissimo-Shaitansk, and to have produced like results. Considerable accumulations 
of platinum have indeed been found all around the base of this mountain, particu- 
larly in the adjacent river valleys. 

If we had known nothing of observations in other parts of these mountains, to some 
of which we have already alluded', the examination of the Katchkanar alone would 
have led us to adopt the opinion, that magnetic iron ore is of igneous origin. But 
now that M. Rose and M. .Le Play have observed crystals of this mineral in i^- 
ueously formed rocks, and also in the metamorphic strata in contact with them, 
and that the latter author and Colonel Helmerscn have shown that masses mainly 
composed of it have traversed other rocks in the form of dykes, the inference 
becomes irresistible. Partaking of the character of the igneous rock of which it 
forms a part, the magnetic iron ore of the Katchkanar is so hard and crystalline as 
to be very intractable, not only to the quarryrnan, but also to the smelter. This 
circumstance, coupled with the great distance to which it was necessary to trans- 
port the material, either to the east or to the west, has led to the abandonment of 
works formerly commenced. Unless that trial had been made, even our solitary 

' Sec Rose, yqI. i. pp. 125. 172 et teq . ; and Le Play, Comptes llendu*. October 21, 1844. 
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patl^ay would have had no existence, and the wild Katchkanar could not have 
befu adsited by the geologist. 

The essential base of all the lower country at the eastern foot of the Katchkanar, 
coVMUsts of greenstone or other igneous rock, which extends to some, distance from 
tlte axis. As soon, however, as we reached the banks of the Is, an east-flowing 
tributary of the Tura, and emerged from the dark forest into the first reclaimed 
ground, we were rejoiced by the sight of a group of our oldest fossil friends. The 
banks of this little river are in fact composed for a considerable distance of white 
limestone thickly tenanted by large Pentameri, some Trilobites, and shells which 
we hailed as true Silurians, and worthy of the very region of Caractacus. Re- 
membering the pleasure with which we first cast our eyes overjanalogous beautiful 
forms of the Ludlow formation in England, we were enchanted when we discovered 
myriads of them undistinguishable from the Pentamerus Knightii, so that seated on 
the grassy bank of the Is, we might for a moment have fancied ourselves in the 
meadows of the Lug at Aymestry '. These Silurian beds are here horizontal, 
a rare phaenomenon in this convulsed region. They constitute, in fact, one of the 
little oases in a region of large dimensions, where the original surface has not been 
broken up and disturbed, like other beds already described near Kushvinsk. 

All around the Zavod of Nijny Turinsk, igneous rocks are again rife, and all 
palaeozoic evidences are blotted out. M. Rose has already described the varieties 
of porphyry, porphyritic conglomerates, with augite, uralite, &c. which we tra- 
versed ; and little, indeed, offered itself as we travelled along the banks of the Tura, 
by which we could identify any of the strata there visible with unaltered deposits, 
.^out twenty-four versts east of Verkhoturid, however, micaceous sandstone and 
schist appeared on the edge of the stream which we believe to be a metamorphic 
deposit (mere altered sandstone and shale) ; the mass being thrown off" to the north- 
north-east by syenite, veins of the latter were seen intruding into the micaceous 
slate, just as granite veins in many parts of the world penetrate what have been 
called “primary” schists. These strata are thrown about with devious inclina- 
tions, and whilst some dip to the east and north, others incline to the west and 
south, or away from the line of eruptive rocks, on one of which stands the fortress 

' See Silurian System, p. 201 . Reasons will be given for assigning a new specific name to these shells, 
which in external form are so thoroughly identical with the Pentamerus Knightii, that Mr. Sowerby^d 
other English conchologists will not even now admit that the distinctions indicate a new species. 
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and town of Verkhoturi^. M» Rose afyl^ thie irrok of Verkhotnrie a granite 4»5th 
occasional crystals of Bucklandite or black epiddte,. and although" we dnd in our 
note-book that we considered it also to be a syenite or what the Italians would call 
“ granitelio,” (not unlike a dominant rock in the Malvern Hills nf England,) we 
have no doubt that the definition of the learned Prussian is mineralogically more 
correct than our own. It is now, indeed, well known, that rocks having true 
granitic characters (as in the Isle of Anglesea, Norway and many other tracts) 
have enacted exactly the same parts as syenites, greenstones and porphyries in 
piercing, whether by masses or in veins, the pre-existing palaeozoic strata. The 
geological agency therefore of all these rocks is to a great extent the same* ; and 
all such comparatively modern granites must therefore be distinguished from the 
more ancient granites which are associated with truly primary rocks. Hence in 
our general map of Russia and the surrounding countries, we group the granites 
on the eastern fiank of the Ural chain with the trap rocks of other countries, and 
distinguish them from the antecedent granites of Scandinavia. 

In the annexed view the rock of Verkhoturid is seen to he surmounted hy an old 
castle built by the Emperor Ivan Vassilivitch, with its accompanying monastery 
and church. Formerly one of the great keys of Siberia, from whence the Russians 
extended their conquest, colonies and trade, it is now merely regarded as a venerable 
relic of olden times, the bones of one of its monks being visited by numerous 
pilgrims. In the meantime, whilst Verkhoturie is in a dormant state because no 
ores are near it, recesses in the back woods, formerly tenanted only by Voguls and 
wild animals, have been cleared, and have risen into important mining stations, 
teeming with civilization and industry. / 

With the exception of the granite and crystalline rocks, the only deposit in the 
environs of Verkhoturie worthy of attention, is a coarse grit used for millstones, 
which lies in horizontal masses to the east of the town, and in a fertile j)lain. Thi.s 
grit, with which our section terminates, is, we believe, of precisely the same tertiary 
age as that of Kaltchedansk (p. 362). 

Environs ofBogoslofsk — The granitic rocks of Verkhoturie reaj)pear at intervals 

' To establifh a distinctioa between old and newer granites, some EngliMli geologirtH are ditipoHed to 
attach the wordwyenite to all granitic rocks which have been intruded through the jiuluiozoic as well as 
the younger sedimentary strata. It would be well if correct terms were introduced to distinguish the 
modem from 'tke ancient granites. 

* Rote also sgeaki of a, true feyenite upon the Tura, probably the same rock which we saw, but he does 
not describe its relafiaai to'{||iie adjacent schists. (' Rcise nach dem Ural,’ &c., vol.i. p. 388.) 
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to Ihe north along the river Losva, and by travelling along their western edge, 
through a country chiefly occupied by greenstone, we came to the largest masses 
of palaeozoic limestone which are known upon the eastern flanks of the chain. 
Though perforated on all sides by eruptive rocks (greenstone, greenstone porphyry, 
&c.), and in numerous places converted into metamorphic masses with mineral 
veins, such limestones (the normal palaeozoic deposits of this country) are seen to 
occupy a long, narrow tract to the north and south of Bogoslofsk. These strata 
extend from the Lobva on the south to beyond the river Sosva on the north, or 
for upwards of 100 versts, and are traversed not only by those two streams, but 
also by the Kakva, Turya and Vagran. (See Map, PI. II.) Our personal exploration 
of this long calcareous zone consisted in making traverses from the western edges 
of these palaeozoic rocks, by Bogoslofsk, along the Turya, to the copper mines of 
Turyinsk on the east, and also by descending the river Kakva to the gold mines of 
Peschanka ‘. 

In the woodlands at the western end of the Zavod lake at Bogoslofsk we met 
with some bands of limestone (PI. II. fig. 6), but owing to the intolerable perse- 
cution of mosquitoes, and the slight elevation of the rocks above the soil, we 
could discover few fossils sufficiently distinct to characterize the strata in this loca- 
lity, wSich we believe to be Silurian. At the eastern extremity of the lake and 
on its southern side, strata of grey and white splintery limestone occur in highly 
inclined and vertical positions, in which we detected Pentamerus Vogulicus, (nob.) 
with a second species of this shell ; and these inclining to the east are surmounted 
at a high angle by a reddish limestone, with Orthis Arimaspus (Eich.), Terebratula 
iHda, T. prisca,\{\i\\ Favosites Gothlandica and other corals. It is from this same 
band, as well as from the environs of Petropavlosk, that the fossils collected by 
Colonel Helmersen were communicated to M. v. Buch, which he has published as 
Silurian ®. We agree with that author in viewing the chief limestone at the Zavod 

' We were furnished on the spot with a very instructive geological map of this tract by Captain 
Karpinski, in which the outlines of the limestones and every intrusive rock are laid down. Towards 
the talcose and quartzose axis of the chain, the chief eruptive rock is marked by him as syenite, whilst 
the limestones are surrounded and cut oiF by greenstones, &c. The metalliferous zone is flanked on 
the east by serpentine, granite, &c. We can now however refer our readers to Colonel Helmersen’s 
second part of his ‘ Reisc nach dem Ural und der Kirgisen Steppe’ (1833 and 1835), in which are given 
a map and sections descriptive of the same country around Bogoslofsk and Petropavlosk. 

^ See Von Buck’s ‘ Beitriige zur Bestimmung der Gebirgsformatiouen in Russland.’ Among the 
fossils identified and described by M. von Buch from the limestones near Bogoslofsk are, — Terebra- 
tula prisca (Ter affirms, Sil. Syst.); T. nuda, V. Buch; T, didyma, Dalm. (Atrypa didyma, Sil. Syst.) ; 
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of Bogoslofsk as Silurian, but we now proceed to show, how after being intrided 
upon by igneous rocks, these strata are overlapped by courses which must, we 
think, be included in the Devonian system. (PI. II. fig. 6.) 

The rock which immediately overlies the red limestone in the southern suburb 
of Bogoslofsk seemed to us, at first sight, to belong to the group of trappjean 
rocks formed contemporaneously with the sedimentary deposits, for it occurs 
in regular beds of about one foot thick and dips 45° to the east. By close 
examination, however, M. Rose has shown that, though effervescing with acids, 
and having some resemblance to compact augite porphyry or greenstone, it 
exhibits, when disintegrated, a true brecciated or conglomerate nature. He also 
mentions courses of associated jasper in it, and as we agree with him and Colonel 
Helmersen, that this stratum of “ quasi ” igneous rock is surmounted by an 
agglomerate or breccia of angular fragments of fossiliferous limestone, and that 
these and the associated grauwacke schists (often jaspidified) are succeeded by a 
mass of augite porphyry, there can be no doubt, that eruptions took {dace after 
the consolidation of the sedimentary strata ; and that here, as in many other places, 
the igneous matter has for a certain space been injected in bands parallel to the 
laminae of the pre-existing deposits. Whatever this rock be termed, though clearly 
of plutonic origin, it is regularly bedded and jointed, and alternating with the 
grauwacke schists, dips with them decisively to the east. By this inclination the 
whole group above mentioned is brought under another course of limestone upon 
the east, in which a specimen of Brontes jlahellifer was observed. From the pre- 
sence of this Eifel fossil and certain corals, we were therefore disposed to view the 
strata which overlie the Pentatnerus limestone as Devonian. However difficult «t 
may be to draw the line of separation between the Silurian and Devonian rocks, 
still this little section near Bogoslofsk seems to show, that whilst the great mass of 
the Silurian rocks may be metamorphosed towards the central axis of the chain, the 
uppermost beds at all events seem to pass into the Devonian strata in the environs 
of the Zavod’. If a section be made to the higher mountains of the Ural, which wc; 

T. camelina, V. Buch ; Spirifer vetulus, S. superbus, Eichw. ; S. rostratus, X . J5uc-h ; Orthis Armutspus 
Eichw. ; O. elegantula (O. orbicularis, Sil. Syst.); Pentatnerus Knightii, Sil. Syst. (.siiinf aejmraU'd l)y ii** 
and named P. Fbjrtt/i'cuf) ; Pleurotomaria {Turritella) cingulata (His.), with the corals, FavusUrs (lothlandira, 
F, polymorpha, Astreea porosa, Cyathophgllum ceratiles, &c. From this as.scmhlagc M. von Buch consi- 
dered this limestone to be Upper Silurian, and probably of the age of the l.udlow and Aymestry rocks. 

' That Devonian rocks exist in the tracts north of Bogoslofsk and Petroj)ttvlosk, seems probable, 
judging from the fossils collected by Capt. Strajefski. ’ 

3 r 
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did^ot visit in this parallel, we learn from Captain Karpinski and Colonel Hel- 
roersen, that nothing occurs but highly metamorphic rocks (talc schist and quartz 
rock) flanked on the east by lofty culminating points of syenite and greenstone*. 
This, in fact, is the portion of the Ural chain in which the peaks rise to the greatest 
height, the Konshakofski Kamen being about 844 toises, or upwards of 5400 
English feet above the sea. 

The tract to the east of Bogoslofsk bristles with lower ridges and points of 
intrusive rock, which though slightly diversified in outline, possesses a great 
variety of mineral structure®. The copper mines of Turyinsk, fifteen versts east 
of Bogoslofsk, afford a fine illustration of metamorphism, and the effect pro- 
duced on sedimentary strata by the eruption of plutonic rocks. These mines 
occur at a point where the limestone is intersected in a complicated manner hy 
greenstone porphyry, between which and the limestone are not only masses of 
copper ore, but large bands of garnet rock. We specially notice the nature of 
this metamorphism, as the result of the intrusion of igneous upon sedimentary 
matter, because it confirms, upon a grand scale, a phaenomenon which was admi- 
rably described many years ago by Professor Henslow, in a memoir upon the 
Isle of Anglesea*. In the Welsh caise the altered rock is of the carboniferous age, 

' Helmersen does not indicate any syenite towards the centre of the chain, but lays down all the 
highest peaks as greenstone and greenstone porphyry, which rocks are occasionally 8e|)arated from the 
talcosc and quurtzose rocks by hornblende slate. 

* Besides several ores of copper, these mines have afforded silver, zinc, lead, iron, &c., all of which 
are described by M. Rose. 

’ Trans. Phil. Soc. Cambridge, vol. i. p. 359-447. This very able memoir of Professor Henslow de- 
monstrates, what is not so clearly exhibited in the Uralian case, that a rock containing analcime as well 
as garnets is absolutely nothing more than a metamorphosed mass of shale and limestone full of organic 
remains, which had, by the influence of an eruptive rock, been converted into homstone, jasper, and the 
above simple minerals. It is indeed very remarkable, that so far back as the year 1821, when some of the 
ablest geologists of the present day were still “ Wernerians,'* Professor Henslow’s view of the whole 
structure of the Isle of Anglesea was such, that it may to a great extent be now applied to the Ural 
Mountains, like which its chief and oldest metamorphic masses are chlorite schists and quartz rocks, 
passing into greywacke (Silurian?) and overlaid by old red sandstone, carboniferous limestone, &c. In 
the Welsh case, as in the Uralian, the strata are penetrated by trappeean rocks and also by granites, 
which, in addition to metamorphism and fractures, have given rise to a copious development of copper 
ores. The author describes in a very masterly manner every minute change which the sedimentary de- 
posits undergo in the contiguity of the igneous rocks, and shows how the old red sandstone becomes 
crystalline, the very pebbles of its conglomerate having been fused in contact with granite. He further 
points out how, through the disappearance of one mineral ingredient and the substitution of another, 
certain intrusive masses of rock necessarily acquire different names, though in respect to age and geolo- 
gical operations they can seldom be separated. The reader who wDl take the trouble of comparing 
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and the intruding rock (dolerite) is not very different from this of TuryiAsk. 
In the Uralian case, however, the grandeur of tlie operation must not be for- 
gotten ; for the garnet rock, loaded with very beautiful and large crystals, is in 


GllOUND PLAN OF A PORTION OF THE COPPER WOltKS Al' FRELOFSKI, TL’RYINSK. 
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the details of Professor Henslow with those of M. Gustaf Hose and Colonel Helrnersen, will |)(*n‘fivt* a 
remarkable analogy in the Welsh and Russian examples of mctamorphisin. Hut however tlie fuets iiuiy 
be similar, there is an important difference between the views of the Itussiun authorities tind those ol 
Professor Henslow, since the latter shows that the garnet rock of Angh'sea is simjtly the fo“‘-ilifetoit,'' 
limestone and shale, mineralized and altered by the action of heat and the protrusion of the trap, whilst 
Colonel Helmersen seems to regard the g,arnet mass itself as of eruptive origin. We must sjiy we think 
the reasoning of Professor Henslow may also be applied to the ease of 1 nryiusk, whose garnet roek is we 
consider metamorphic — that it is, in fact, like the changed mountain limestone of Anglesea, or the Silu- 
rian limestone near Drammen in Norway (equally charged w ith garnets), a result of Igneous intrusion. 
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one •part 350 fathoms long by twenty wide, and has been worked to a depth of 
fifty fathoms, the adjacent limestone being chiefly converted into crystalline 
marble. In parts of the latter, however, which are less altered, we detected bands 
of black chert and other lithological characters so common to the palaeozoic rocks 
of thel^ral; so that combined with fossiliferous proofs along the strike of the beds, 
to which we shall hereafter advert, we had no doubt that the real age of the lime- 
stone is Devonian, Some of the richest copper ore occurs in openings between 
the garnet rock and the limestone, or along their points of contact. In some parts 
it is enveloped by limestone, and in others by the garnet rock, which according to 
Helmersen is chiefly compact and tough, being crystalline only when in contact 
with the limestone*. The preceding diagram, taken from a coloured Russian plan 
of the works at Frelofski (one of the chief mines of Turyinsk), at seventy feet 
beneath the surface, will at once enable the reader to comprehend the relation of 
the garnet rock to the limestone rock, and how the intrusive rock has in parts not 
only cut oflf and isolated the limestone, but also the bands with garnets. 

All the undulating and lower country to the east of Bogoslofsk which we tra- 
versed, abounds, indeed, in a singular variety of mineral appearances. Thus a 
very few versts to the south only of the copper-mine of Turyinsk and Frelofski, 
are the noted gold mines of the Peshanka, which, formed out of the detritus of 
eruptive rocks which here and there rise to the surface, will be alluded to here- 
after, together with the auriferous pbsenomena. 

Descent of the river Kakva . — ^When isolated among the garnets, copper and gold 
of this tract, the warmest advocate for metamorphic agency may well have his 
misgivings as to such highly altered schists and limestones having ever been marine 
sediments charged with organic life. But if he be disposed to doubt that such 
changes have been accomplished, and the environs of Bogoslofsk on the west will 
not satisfy him (though fossils are also there to be found), we beg him to de- 
scend, as we did, the river Kakva from the station of Kakvinski, south of Bogos- 
lofsk, for a distance of fifteen or twenty versts. As this river flows in a gorge from 
west to east, and as all the strata of the region here strike north 15° east, and 
south 15° west, it is manifest that it thus offers a transverse section. Accompa- 

‘ According to Colonel Helmersen. there are instances of the garnet rock branching off like trap 
dykes. The limestone is evidently the oldest rock ; judging from the analogy of contiguous places, it was 
first invaded by the greenstone, and from the facts above cited, the greenstone porphyry was clearly 
the last formed rock.. 
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nied by Captains Strajefski and Popoff, and our former companion Karpinskl, we 
embarked in small canoes at the station of Kakvinski, and glided down the tor- 
tuous and rapid stream. We found the whole gorge to consist of rapid undulations 
of limestone, which thrown into a number of saddles and troughs, is occasionally 
much dislocated. Associated with it, we observed alternations of bedd^ed trap- 
paean rocks like those near Bogoslofsk. The limestone is usually of a dark grey 
colour with white veins, but in the vicinity of the bedded trap, as at Bogoslofsk, 
it is red and compact. Wherever it is cut through by igneous rock of directly 
intrusive character, the limestone is highly altered ; and we met with one example, 
where, in absolute contact with a dyke of greenstone porphyry, it had been con- 
verted into a pure white, saccharoid, granular marble, which crumbled away under 
the touch. In short, this descent of the Kakva would satisfy any one, however 
opposed to the doctrine of metamorphism, that there can be no more certain method 
of accounting for the crystalline condition of limestones in contact with eruptive 
igneous rocks, which at certain distances therefrom are unaltered and contain or- 
ganic remains. The limestones are thrown about in various flexures to the east and 
west, whilst the dominant strike, from north and by east to south and by west, is 
very clearly maintained. For long spaces where the limestone is not absolutely 
saccharoid or crystalline, it is often compact, amorphous, and without distinct 
traces of bedding, and constitutes picturesque cliffs. One of these, called by the 
boatmen “ Bielaya-karnen,” or the white rock, particularly attracts attention, when 
it peers out from umbrageous thickets and rich vegetation. 

Amid such strata we had at first little hope of discovering fossils, but here and 
there we were fortunate enough to collect an adequate number to satisfy us of >he 
age of the rock. Even in the associated bedded trap, which very much resembled 
“ schaalstein,” w'e found corals similar to those which we had collected in a some- 
what similar rock upon the Lahn in Nassau ; such as Favosites polymorpha, F. 
ramosa, and Stromatopora concentrica. These fossils, which with the Tmbrulula 
reticularis or prisca and a plicated Terebratula were also found on the vertical 
and weathered faces of the limestone, led us naturally to believe, that the greater 
portion of this rock may be considered Devonian. 

We also detected, however, in a limestone, one of the Pentameri, (u)mmon to 
the underlying rock of Bogoslofsk’. Our belief therefore is, that in the undula- 

• M. Rose mentions the occurrence of a trilobite in tliis limestone of the Kakva, which was supposed to 
be the Calymene Blumenbachii. * 
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THE ARCTIC URAL AND THE TIMAN RANGE. 

(MAP, PL. VI., AND COLOURED SECTIONS, PL. V.) 

Eastern Plank of the Ural from 6*2® to 65° North Latitude, — Jurassic Deposits in 
65° North Latitude. — Western Flank of the Arctic Ural. — Section of the River 
Iletsk, with fossiliferous Lower as well as Upper Silurian Rocks, — Carboniferous 
Limestone and peculiar Development of its overlying Whetstones, — Isolated Trappaan 
Ridge of Sabliu,' — The Timan Range — Constitutes the North-eastern limit of the 
Great Permian Basin — Its Granite and Schists. — Upper Silurian Rocks with Pen^ 
tameri. — The “ Domanik^^ Schists shown to be of Upper Silurian age. — Devonian 
Rocks of the same type as in the Valdai Hills, — Carboniferous Limestone like that 
of Russia in Europe. — Eruptive Rocks of the Timan Range. — Large area between 
the Timan and the Ural occupied by Jurassic deposits. — Conclusions, and Results of 
the Survey of the Petchora. 

Quitting for a time the colonized portions of these mountains, let us now 
extend our view to wilder regions, which, as distinguished from the North Ural of 
the miners, may be termed the “ Arctic Ural.” 

Eastern Flank of the Ural Chain Mountains, extending from Bogoslofsk by Petro- 
pavlosk to 65° North Latitude. — Our own researches between Ekaterinburg and 
Bogoslofsk having completely satisfied us concerning the true nature of the eastern 
flank of the Ural, a reference to an excellent geological map of these environs, 
prepared by Captain Karpinski, sufficed to convince us, that the same limestones 
and igneous rocks extended to Petropavlosk and its environs, the most northern 
establishment of the Russian mines. It was not, therefore, necessary to follow 
these deposits further northwards upon their line of bearing ; for we had before us 
all the fossils and specimens of Petropavlosk, and from them we clearly perceived, 
that the limestone nearest to the Ural ridge contained Silurian Pentameri, whilst 
Devonian shells ‘occurred upon the east. On the banks of the Sosva, as upon 
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the Kakva, these deposits are interrupted, cut off and metamorphosed by the imru- 
sion of igneous rocks. 

The persistent strike of all the chief sedimentary masses of the Ural, whether 
metamorphic or unaltered, and the dominant lines of eruption from north to south, 
of various bands of igneous rock, might, a priori, lead any observer to suppose, 
that a similar structure would be found to pervade the eastern flank of the chain 
when followed into the Arctic wildernesses. That such is truly so, has however 
only been determined by recent discoveries of Russian observers. 

The earliest expedition for this purpose was under the command of Colonel 
Protassoff, chief of the establishment of Bogoslofsk at the time of our visit to 
that place. This officer, aided by Captain Strajefski, had some years before 
explored the mines, copper veins, iron ores and auriferous alluvia on the river 
Tolya 200 versts north of Bogoslofsk. Subsequently, Captain Strajefski was 
placed at the head of the northern explorations, and in two summers of very 
arduous labour, he succeeded in reaching 05° north latitude.* In this journey, 
often labouring for great distances through deep swamps and lofty forests, inha- 
bited at rare intervals by wild Ostiaks, — tortured by swarms of mosquitoes, and 
obliged to force each step through thickets, he overcame the most trying diffi- 
culties. By this expedition, the rivers which descend from the Ural wfere de- 
fined, and their native names attached to them ; the rocks on their banks were 
examined, and by occasional traverses towards the axis of the chain its structure 
was determined. Proceeding from the sources of the Losva above Petropavlo.sk, 
Strajefski passed over the Sosva, and afterwards in succession its northern tribu- 
taries the Nios, Bugalia, Tolya and Sigva. Supplied by him with a large sketch 
MS. Map of the whole region that he traversed, we have taken from it the few 
data which appear on our general geological map concerning this wild tract ; and 
have, for the present, deposited his original MS. with the Royal Geographical 
Society of London. 

Examining at Bogoslofsk the specimens which Captain Strajefski had brought 
back, we had no difficulty in satisfying ourselves, that Upper Silurian and Devonian, 
perhaps even some carboniferous strata (for schists with plants occur), range at 
intervals from south to north along all this eastern flank of the chain, and that 
there, as well as in the other tracts already described, these deposits, often entirely 
cut out for long distances, are usually rendered highly metamorphic, i)articularly 
towards the axis of the chain, by numerous intrusive rocks, of which greenstone 
is the most prevalent. 

3 G 
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Another important geological result of the expedition of Captain Strajefski was 
the discovery, before alluded to (p. 230), of Jurassic strata replete with fossils in 64® 
north latitude. These beds on the banks of the little river Tol, were found to 
consist of greenish sand and dark shale, dipping to the east or from the Ural chain. 
Among the fossils are Pinna, Plagiostoma, Pholadomya, Modiola, &c., with Am- 
monites and Belemnites, forming altogether precisely the same group, with which 
we had become familiar on the banks of the Moskva, the Oka and the Volga. 

The occurrence of Jurassic rocks in this position was at first a great source of 
surprise to us, particularly as we had then observed no decisive proofs of a similar 
deposit in any portion of the eastern slopes of the Ural*. Subsequently, indeed, 
we were led to believe, that a small patch of Belemnitic strata, surrounded by erup- 
tive and metamorphic rocks, and detected by Colonel Helmersen and M. Hoffman 
on the plateau of the Southern Ural near Tanalysk, might also be of this epoch. 
The strata of the same age on the eastern banks of the river Emba and its feeders, 
approaching as they do towards the southern prolongation of the Ural chain (see 
Map, PI. VI.), and apparently almost folding round it, would further lead us to 
conclude, that however the deposits are now separated, the sea in which the Juras- 
sic shells were entombefl must have wrapped round the northern and southern ends 
of these mountains, and at a period long after their earliest elevations. Our ac- 
quaintance with these deposits has, indeed, been greatly extended by subsequent 
discoveries on the western flank of the Arctic Ural, where the same Oxfordian 
strata have been largely found, a point to which we shall presently revert. 

Western Flank of the Arctic Ural. — "We now pass on to consider the structure 
of the boreal region, first laid open by our own researches*, which ranges north- 
wards from 62® north latitude, and constitutes the western flank of the Arctic Ural. 
The geological composition of the mountains, in these parallels, may be briefly ex- 
plained, by describing the natural sections exposed on the banks of the rivers 
which descend from the crest of the mountains. In that crest is situated the lofty 
mountain whence the magnificent Petchora takes its rise, its chief source being 
called by the native Zyrians Petchora-ill-is (see Map). In summer this tract 
is frequented by a branch of the Ostiaks called Mantchi, who possess large 

* In a survey so expeditious as that which we made, it is not easy to establish the non-existence of a 
deposit over a wide region. We may, indeed, say that we found an imperfect shell in a mass of lime- 
stone immediately south of Verch Uralsk, which had much the appearance of an Ammonite of the Jurassic 
series. Of this, however, in the sequel. 

^ See notice of the geological discoveries of our associate Count Keyserling, p. 230. 
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troops of rein-deer, and by whose aid we ascended the mountain. Front the 
summit of Petchora-ill-is (about 3600 feet above the sea), the spectator casts his 
view eastwards into the wide and deep valley of the Sosva (seep. 405) , occupied by 
dense dark forests, beyond which are ranges of heights', called Telbunniar by tlu- 
natives. Still further to the east are green dark-wooded plains, in which a few lakes 
appear, and in the distance are the boundless, yellowish steppes of Siberia. To 
the west, on the contrary, the view is soon arrested by numerous rocky elevations, 
which surround the upper woodland depression in which the rivers Yegra-laga 
and Petchora have their origin. The crest itself is seen to range very distinctly 
from south to north, along a series of broken, rocky summits, whose sides are, for 
the most part, covered with debris or grassy slopes. 

The mountain of Petchora-ill-is consists of chloritic and micaceous schists, often 
highly quartzose, in beds obscurely stratified, and approaching to verticality. 
These rocks occupy a broad zone, including another mountain, called by the Zyrians 
Balvano-is, or the Mount of Idols, which owes its name to a*pcculiar pluTnome- 
non. On its rounded verdant summit are seen certain grotesque and rude columnar 
masses of chloritic quartz rock, mostly attenuated towards their base, and occasion- 
ally attaining the height of 100 feet. These natural monolitlfes are eight in number, 
and as five of them lie in the same alinement, or from north-east to soufli-wcst, 
we might at first suppose that they were indications of a great vein. Their 
schistose and depositary character, however, and the irregular distribution of the 
other three pillars, render it more probable that they are simply the hardest por- 
tion§ of the rock, which have most etFectively resisted destruction. 

To the west, the geologist descends through similar (luartzose, chloritic and nji- 
caceous rocks and marshy forests, into the vast alluvial plain of the Yegra-laga. 
This plain is much occupied by gravel and rounded blocks of medium size, all de- 
rived from the adjacent chain. A few deserted huts are to be found which formerly 
served as places of barter between the Zyrians and the Ostiaks. 

Looking eastwards from this tract, we were struck with the conical form of a 
mountain named Cosis, which we supposed might be trappsean, but, judging from 
specimens brought to us by the natives, we found it to be composed of the same 
rocks as the Petchora-ill-is. 

Lower and Upper Silurian Rocks . — In descending the Yegra-laga we observed 
on both its banks alternations of argillaceous slaty schist, with bands of black 

' According to Strajefski these hills arc trajipacan. . 

3 0 2 



408 


LOWER AND UPPER SILURIAN ROCKS. 


eno-inite limestone, traversed by veins of quartz. These beds, having a north and 
south direction, cover the country to the point where the river Yegra-laga 
empties itself into the Iletsk ; and even in ascending the latter towards the north, 
they are traceable for some distance. The only lithological variation observable 
in these beds, is xvhen they pass into talc schist, and where they contain great flakes 
of mica. Their usual inclination is 80° towards the east, by which position it may 
be supposed that they are inverted, like certain strata before alluded to, which 
approach the U/’al ridge on more southern parallels. 

In descending the river Iletsk, the same beds plunge westwards, and still present 
the same courses of fetid encrinite limestone, and apparently with no other fossils. 
Upon them rest thick masses of suhcrystalline grey limestone (marble), occupying 
cliffs of about 400 feet above the stream. Though it is difficult to extract organic 
remains from this rock, we detected in it, besides turriculated, indeterminable shells 
(probably, like those of Nijny Tagilsk, of the genus Murchisonia) , the Peniamerus 
Ostiacus and the Calamopora alveolaris. The two last-mentioned fossils are indi- 
cative of Upper Silurian age, and as the rock rests upon the slaty schists with 
encrinite limestone, the latter, we inferred, must represent a portion of the Lower 
Silurian, like other mdbses to which we shall now advert. 

The* upper or marble beds dip both to the east and west, at angles from 40° to 
near verticality, and form a great basin, from beneath the western side of which the 
same argillo-calcareous schists rise up, as on the east. In one locality near the river 
Jezem, these slaty schists constitute a rock, much resembling in lithological aspect 
that of the shelly portion of the mountain of Snowdon in North Wales, and like it 
containing true Lower Silurian species, such as Orthis calligramma (Dalm.), 0. fes- 
tudinaria (Dalm,), O.inflexa (Paud.), Terebratula crispata (Sow.), T. pleurites, n.s., 
Lepteena trarna, n.s., a large indeterminable Orthoceratite, and the Calamopora 
fibrosa var. Spheera. 

The occurrence of these shells in beds -which underlie Upper Silurian rocks, 
and pass conformably into talcose and chloritic schists, is of great importance in 
leading us to believe, that by far the greater portion, if not the whole, of the Ural 
must originally have been formed of true palaeozoic deposits*. 

Still further to the west. Lower Silurian rocks with black encrinite limestone 

' TTiis Fentamerus, which is not to be found in Part III. of our work, will be figured and described by 
our colleague Count Keyserling, in a forthcoming publication, entitled “ Keise in das Land der Petchora,” 
the plates and letter-press of which being of precisely the same size as our own, will form a natural sup- 
plement to this worlf. 
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again prevail, when they alternate with fragile, argillaceous schists and grey q^arl/ 
rock, all of which are in highly inclined or sub-vertical positions. On the left 
bank of the stream, brown and brittle argillaceous schists constitute a mountain 
called Pulnaya-Gora, or Ball Mountain, so called because it is charged with nuuiy 
argillo-ferruginous concretions of a perfectly spherical form, another Silurian ana- 
logy, well known to all geologists who have examined the gorge of the Severn 
above Madeley, or the banks of the Banw in North Wales. The quartzose schists 
terminate in ascending order, with an inclination of 20° towards ,the west or lower 
country. 

Carboniferous Rocks. — ^The Silurian masses above described are directly suc- 
ceeded, and without any apparent unconformity, by carboniferous strata; thus 
showing, that in this part of the Ural, at all events, no portion of the Devonian 
group exists (see Map and Section, PI. V. fig. 3). Unable to trace any great fault, 
or any decisive unconformability along this line, we are disposed to think, that the 
highly incurvated basin into which the Silurian rocks arc here'thrown, was formed 
before the Carboniferous beds began to accumulate, and that the upraised strata 
were placed beyond the influence of those waters under which the true Devonian 
beds were deposited. • 

The base of the carboniferous rocks, formed of thick beds of dark Compact 
limestone, containing concretions of chalcedonic chert, and alternating with black 
shale, constitutes a sub-formation very much resembling the lower mountain 
limestone of Northumberland, Yorkshire, the Isle of Man, and the lower slaty 
group of Ireland. 

The characteristic fossils of these lowest beds are, Spirifer expansus, Phil. {Uepi- 
gata, var.), Orthis arachnoidea (Phil.), Chonetes fornicatus, n.s., with Curyophyllin 
and Cyathophyllum ; whilst, in the strata which immediately succeed to them is the 
Productus hemispharicus, Sow. (var. minor.) 

This carboniferous limestone is powerfully developed on the banks of the Jlctsk, 
and occupies heights of 500 feet above its bed, as far westwards as the gorge called 
Stone-gate, where the rock is exposed in vertical cliffs of about 200 feet in Jicight, 
through which the river escapes. The stratification of these limestones is often 
obscure, and is chiefly recognizable by lines of corals ; the beds are powerfully 
bent both to the east and west, and the strike is persistent from north to south. 

The chief lithological character (that of the mountain limestone of many parts 
of England) is undistinguishable from what we have described in the previous 
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cha]^ter upon the banks of the Tchussovaya river. Certain bands of a red colour 
and fissile texture, which are loaded with encrinites, alone diversify the mass of 
grey limestone with which they occasionally alternate. 

The dominant fossils of this upper portion of the limestone are corals of the 
genera Oyathophyllum, lAthostrotion, Syringopora {Harmodiles distans, Fisch.), with 
ProductUs hemispharicus (minor), P. comoides, var., and Orthis arachnoidea. 

Whetstone strata. — It is probable that the above-mentioned masses represent 
the lower and middle portions only of the Carboniferous system of this Arctic 
country. They are, in fact, overlaid by a thick series of argillaceous sandy beds, 
here and there schistose, which in the vicinity of the limestone partake of all its 
great and sudden flexures, and are perfectly welded on to it. Further westwards, 
their inclination becomes less and more regular, their direction being north-east. 
The sandy beds are made up of grains of Lydian stone and of grey, green and red 
quartz rock, imbedded in a fine felspathic or argillaceous matrix of greenish-grey 
and whitish colour, the quantity of which is so minute that it cannot be discovered 
by the naked eye. The siliceous grains, more or less rounded, are sometimes very 
small, but occasionally so large as to form a conglomerate grit. The prevailing 
colour of the whole rock is that of pounded black pepper ; and it is divided into 
numerous powerful beds, traversed by joints which are seldom continuous. Where- 
ever these beds alternate with strong courses of greyish and reddish shale (clay), 
they are rounded off into slopes covered by gravel and vegetation ; and they pre- 
sent clear and good sections only, where they are hard and sandy. Near the village 
of Sariu, the conglomerate courses expand into a true “ Nagelfluhe,” not less 
than twenty feet thick, containing grains of carbonate of copper. Plants having 
the “ facies ” of the carboniferous flora occur, and the whole group, being as before 
said, quite conformable to the carboniferous limestone, must be included in tbe 
same system. 

The section of the very symmetrical hill near the Petchora river (PI. V. fig. 2.), 
from whence the whetstones are extracted which are used over nearly the whole of 
Russia, establishes, beyond contradiction, the correctness of that view. The little 
river Sophiusa washes the base of this hill, and exposes a dome of carboniferous 
limestone, divided into thin flagstones towards the base, and thick beds near the 
summit : on both sides of the dome, these limestones are equably and conformably 
overlaid by shale, and a pepper- coloured whetstone identical with that of the Iletsk. 
The bed extracted for whetstones does not exceed three to four feet in thickness. 
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These whetstones are very largely developed along all the western flanks o5 the 
Arctic Ural. The river Petchora traverses them between 64° and 65° north latitude, 
and the huge blocks of grit found near the mouth of the Ussa, where that river 
empties itself into the Petchora, prove their persistence beyond 66° north latitude. 
From its conformable junction with the inferior limestone, the plants whiclj it con- 
tains, and its mineralogical identity with the grits of Artinsk, before described 
(p. 129), we consider this rock to be a true member of the Carboniferous system ; 
and we unhesitatingly distinguish it from the Permian grits abow the Zechstein, 
which, however, we admit sometimes much resemble it. 

The same succession of rocks which has just been described, extends probably 
to more northern points of the Arctic Ural, at least we have seen specimens of 
slaty schists, grey limestones with Catenipora escharoides (unquestionably, there- 
fore, Silurian), as well as carboniferous limestone from the banks of the river 
Ussa. 

We may here request our readers to consult the Map, and remark that the prm~ 
cipal crest of the chain changes its direction in north latitude 65°, and ranges to 
its termination north-eastwards into the high mountains of Obdorsk, containing 
powerful plutonic rocks to which we have before adverted, as having been ex- 
plored and their geographical position fixed by M. A. Erman. By reference to 
the map it will be seen, that a ridge of mountains, probably igneous and metamor- 
phic, extends north-north-west from the Obdorsk group towards the icy sea. It is 
still unknown, however, whether the meridian and palseozoic zone of the chain is 
expanded near that parallel, where it passes into the Isle of Vaigatz, or whether a 
particular and less elevated branch there extends to the sea-coast ; though, as before 
said, we are assured by the researches of M. Baer, that the same rocks are largely 
developed in Nova Zemlia. 

Mount Sahliu . — Before we quit the consideration of the Arctic Ural, we may 
now speak of a small trappsean crest of no great longitudinal extension, called 
Sabliii, which we found to range from between 64° 30' and 65° north latitude, and 
perfectly parallel to the major axis of the chain. This ridge, rising to a height ol 
about 4000 feet above marshy low grounds, formed out of the debris of the car- 
boniferous shale and grits, is composed of a porphyritic breccia, absolutely undis- 
tinguishable from that of theSolominski-kamen, near Petrozovodsk, on the borders 
of Russian Lapland (see ante, p. 18). Ranging from south to north for about 
thirty-five versts, the ridge of Sabliii affects an Alpine form, its western slopes 
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beiitg so steep that no turf adheres to it, whilst the hollows and clefts near its 
base are filled with eternal snows. In summer the summit is, however, free from 
snow, though it even then fringes the slopes in zones. 

In vain did we seek on the face of this abrupt Arctic mountain for any traces of 
striae or polishing, though every torrential streamlet on its flanks is accompanied 
by trainees of immense angular blocks, all derived from the adjacent summits ; a 
subject, to the consideration of which we shall hereafter revert, when treating of 
the transport of,the detrital and superficial matter of Scandinavia and the north of 
Russia. 

Several ranges of heights are seen to the east of Mount Sabliu, the nearest of 
which are rounded, whilst the more distant rocky and wilder peaks constitute the 
real axis of the Ural, the dominant mountain of which in this latitude, the Tol- 
pas-is, has a height of about 4500 feet above the sea. 

The carboniferous grits and shale on the flank of the Ural are overlapped by 
alluvial and incoherent argillaceous deposits, the deep ravines in which expose 
clays occupying excavations in the older rock, and containing Belemnites and 
other fossils of Jurassic form; but before we enter upon the examination of 
these secondary strata* we must introduce our readers to another range of ele- 
vations* which plays so important a geological part in the great basin of the 
Petchora. 

The Timan Range . — Disconnected from the Ural in 62° north latitude by the 
depression above mentioned, and in no part rising to a greater altitude than 1000 
feet above the sea, the zone of elevations called Timan, having a width of about 
sijcty versts, stretches from south-south-east to north-north-west for a length of 
not less than 500 miles, and terminates in the headlands of Svetoi-nos, Barmin* 
mis, Rumenishni and Suvoinof upon the glacial sea. Like the Ural of the Rus- 
sian miners, it forms the eastern wall or boundary of all the Permian deposits, the 
limestones and gypsum of which repose upon the western faces of its carboniferous 
and older palaeozoic rocks, and never enter into the great depression just adverted 
to, which lies between this range and the Arctic Ural. To the west of the Timan, 
great masses of gypsum occur in the upper portion of the river Vim, whilst on the 
Ukhta and Vitchegda limestones abound, which, sometimes grey and marly, some- 
times oolitic, contain characteristic Permian species, such as Productus Cancrini 
and Modiola Pallasii. 

Viewed, therefore, in its relation to the Permian deposits, and its proximity to 
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the Ural Mountains, the Timan range may almost be regarded as a branch of the 
latter. When, however, the reader casts his eye over the Map, he will perceive 
that the direction of this line of mounts coincides rather with that of the crystalline 
masses of Lapland and of the north-eastern edge of the Scandinavian coast, and is 
strongly divergent to the main axis of tlie Ural. But besides this, none of the 
rocks of the Timan, whether sedimentary or eruptive, have the Uralian inlpress. 
On the contrary, they possess the lithological characters of the rocks of Russia in 
Europe, and we therefore conclude, that they must rather be regarded as one of the 
Finnish and Lappish elevations, like those near Petrozovodsk, for example, to 
which we have previously alluded, than a trifurcating branch of the Ural. 

In some spots near the glacial sea, we have even seen a portion of the Timan 
ridge assume the contour and character of the Scandinavian rocks, exhibiting 
rounded and flat domes of rose-coloured granite, in which schorl replaces mica. 
This rock forms, in fact, the promontory of Rumenishni-iios, and is flanked to the 
east by argillaceous schists, which strike from west north to east 22" south, 
and plunge rapidly towards the north. The schists occupy the cape of Barmin-mis, 
and are there pierced by greenstones (diorites), which derange their dip. Argil- 
laceous and micaceous schists also constitute an elevated mural mass along the 
peninsula of Kanin ; and, according to M. Ruprecht the botanist, and the natives, 
the same rocks are prolonged in the direction of the Timan range, i.c. froiuMikul- 
kin-mis to Kanin-nos. This fact therefore shows, that in the parallel extending 
from C8° to 09° north latitude, the axis of this chain trends more westerly, and 
conforms to the outline of Russian Lapland. Near ilie centre of the range we learnt, 
that the heights from whence the river Vim descends, are also com])osed of similar 
schists, and we saw themfui ther south, on the river Vol and the Upper Vitchegda. 
These schists are either of a blackish colour, or of a ribboned-grey, and are 
occasionally traversed by a cleavage, independent of the lines of bedding, which are 
always very much inclined. The great dislocation and high inclination of these, 
the oldest stratified rocks of this tract, are not participated in by the next deposit 
which succeeds, and which we have no hesitation in considering Upper Silurian. 
On the river Vashkina, near the icy sea, these rocks (see coloured section, Pl.V.) are 
loaded with Pentameri, the remarkable shell Cythcrina, very nearly allied to the 
species of Gothland, and also by numerous Upper Silurian corals, such as Cate- 
nipora lahyrinthica, Calamopora alveolaris, Stromatoporu conceninca, &c. 

Domanik Schists . — Other Upper Silurian beds of a very j'ceuliar aspect (called 
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Domanik by the natives) are seen on the banks of the river Ukhta. These consist 
of black, tender, argillaceous and siliceous schists alternating, which are saturated 
with naphtha. They contain simple lobed Goniatites, long and slender Orthoce- 
ratites and small Cardiaceae, the whole reminding us of certain dark slaty beds, which 
at Wissenbach, in Nassau, have been shown to occupy the very uppermost limits 
of thtf Silurian system (see Geol. Trans, vol, vi. p. 414). Some of these black, 
flaglike beds are as flexible as the well-known band of sandstone in the magne- 
sian limestone near Sunderland, or more so ; and sounding under the hammer like 
wood, may be polished and carved as a substitute for ebony. The fossils are chiefly 
found in small calcareous concretions of grey colour, which mark the laminae of 
deposit, and are entirely free from the naphtha which permeates the mass of the 
rock, and gives to it a bituminous character. 

Devonian Rocks of the Timan. — ^The “Domanik” schists are flanked on either side 
of the range by red and greenish sands and marls completely resembling the typical 
Devonian rocks ®f the Valdai Hills, and of the government of Olonetz. These 
rocks play a most important part in this chain ; and the northern river Tzilma 
exposes in a transverse section, nearly all the different beds of which they are 
composed. Further.to the south, they are developed on the little river Vol, 
reposing upon inclined schists. They there contain the Terebratula Meyendorfii, 
whilst their most characteristic fossils are various remains of the well-known Ich- 
thyolites of the system common to the Baltic provinces of Russia and the British 
Isles, together with the Spirifer d’Archiad and the Terebratula Ldvonica. Towards 
the base of the system, the Orthis striatula and Terebratula prisca abound here, as 
in the same position in other parts of Russia. In a word, the whole series is made 
*up of red and variegated marls, red and yellow sandstone, with courses of marly 
limestone, whilst gypsum of red and white and green colours is interlaced with the 
other beds in thin courses, and is specially developed on the banks of the Pijema 
or Pishma. 

Carboniferous Limestone and Millstone Grit of the Timan. — Overlying these true 
Devonian strata, the outer flanks of the Timan present bands of white carboniferous 
limestone containing the Spirifer Mosquensis, and exactly resembling the rocks of 
the same age at Vitegra and other places in Russia. And here it is curious to 
observe, that these pure white limestones repose at once on the Devonian strata, 
without the intervention of any lower sandy beds, such as occur in the Valdai Hills 
and to the south of Moscow. 
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On the coast of the glacial sea, this carboniferous limestone occupies the \wo 
capes, on either side of the ridge, called Suvoinov and Svetoi-nos. The river Indiga 
traverses the carboniferous band on the eastern flank of the Timan at thirty-five 
versts above its mouth, and exposes cliffs 100 feet high, which contain thick beds 
near their summits, and flagstones towards their base. The liver Bielaya, an 
aflluent of the Indiga, also exhibits on its less lofty banks, courses of liniestone 
charged with Fusulinae, fossils, as we have before shown, which characterize the 
upper part of this formation. 

The same calcareous zone is also traversed by the river Tzilma in north latitude 
65^°, and forms the mountain Stchipina. In this parallel, the axis of the ridge is 
composed of Devonian rocks, the carboniferous limestone being seen on its eastern 
side only, and not upon the west. Nor is this limestone continuous, even on the 
eastern side ; for upon the river Ijcma or Ishma, the Devonian rocks are at once 
surmounted by Jurassic shales. Towards the southern extremity of the Timan, the 
same carboniferous limestone constitutes the chief mass of thd range, and is laid 
open on the banks of the rivers Vol, Tsher and Milva, as well as on those of their 
recipient the Vitchegda ; and we believe that it again appears in the form of an 
outlier or outliers on the river Soiva, a feeder of the great l^tchora. 

The carboniferous system of these regions contains another member, wftich is 
only to be seen at the northernmost extremity of the Timan range. Such are 
certain whitish grits charged with pebbles of white quartz, and therefore resembling 
the millstone grit ; like which they also contain coal plants. Seeing that these 
beds have the same inclination as the carboniferous limestone, we believe their 
geological position to be precisely similar to that of the millstone grit of the 
Tchussovaya (p. 126). This inference cannot, however, be distinctly proved in the 
North Timan, where they form the lateral cover of a remarkable band of igneous 
rock. 

Eruptive Rochs of the Timan . — The chief eruptive zone of the Tirnan extends 
from the cape Tchaitzin-mis for seventy versts towards the south-east, is from four 
to five versts broad, and rises to the greatest heights of these latitudes, all of them 
being sharp-backed, like the “ Serras ” of Spain. The rock has, on the whole, 
what British geologists would call a trappaean aspect, resembling certain basaltic 
rocks of the Hebrides and the south coast of the Isle of Man, and in it arc amyg- 
daloidal masses which contain Heulandite and Stilbitc, minerals unknown in the 
rich and varied crvstalline depositories of the Ural Mountains. Usually, however, 

3 u 2 
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thj rock is more or less basaltic, of a dark colour, compact structure, and con- 
choidal fracture, with rare grains of a black vitreous mineral, and little crystals 
of Stilbite. Numerous veins and dykes of chalcedony traverse it, and give rise 
to druses of amethyst. Occasionally the structure is prismatic, and at other places 
the mass is regularly stratified in thick beds traversed by joints. This eruptive 
rock iS singularly well laid open in the deep gorge of the river Bielaya, where it 
occupies vertical cliffs, of 300 feet in height. 

The carboniferous grit, resting against the western side of these elevations at 
different levels, is, as well as the carboniferous limestone, inclined towards the 
trap, and might therefore at first sight seem to indicate that though the basaltic 
mass has unquestionably cut through, and perhaps raised up these sedimentary 
rocks, it has not given to them their present general inclination. But numerous 
examples in the Ural Mountains and other parts of the world, where the sedimen- 
tary strata dip inwards towards the eruptive ridges, and not away from them, 
would rather lead us to infer, that in undergoing a great vibratory and undulatory 
movement, the ends of the sedimentary strata adjacent to the eruptive masses 
have been let down by a subsidence into cavities occasioned by the evolution of 
much igneous matter,«whilst their other side has been tilted up. 

Whatever theoretical explanation maybe attempted, it is certain, that these car- 
boniferous strata are highly inclined and dismembered in the vicinity of the basal- 
tic rocks, and this suffices for our purpose. The granitic axis of this range seems, 
indeed, to have been constituted at a much more ancient period, for it is flanked 
on the east by highly inclined slaty schists. These schists rise, in fact, into little 
discontinuous crests all along the chain, even where the granite is no longer seen . 
at the surface, and everywhere they are very highly inclined and uniformly 
plunge to the north-cast. The palteozoic rocks (if this name be restricted to those 
in which we actually discovered organic remains) are unconformable to these 
older schists, being, indeed, very feebly inclined, and usually to the east. For all 
that we know, the eruption of the granite of this region may have either been 
confined to a period anterior to animal life ; or the ancient schists may represent 
some portion of the Lower Silurian sediments, in which few or no creatures were 
entombed. But we will not attempt to reason further upon such negative evi- 
dence, nor do we even desire to imply, that the most ancient schists of the Timan 
may not be of the same age as the large mass of the old gneissose and slaty rocks 
of Scandinavia. At all events, if referred to the palaeozoic age, it is almost certain 
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that they must be of higher antiquity than the portion of the Lower Silurian rocks 
which we have shown to exist on the western flanks of the Arctic Ural, and which 
there succeed conformably to true Upper Silurian rocks. 

Jurassic Rocks between the Arctic Ural and the Timan Range . — In the great hollow 
in the earth’s surface formed by the elevation of the rocks which wc have been 
describing, or, in other words, in the great basin between the Ural and tht? Timan. 
no other deposits are visible save Jurassic shales, which are filled with many of the 
same organic remains as those which have been brought to light in other parts of 
Russia, and these are partially overlaid by very modern marine accumulations'. 
The same species of Belemnites, the same small Aviculse and the same Inocerami 
abound in the region inhabited only by Samoyedes, which we traversed towards the 
mouth of the Petchora ; and the same fossils have been brought by M. Ruprecht, 
the botanist, from the argillaceous portions of the more northern peninsula called 
Kanin-nos. 

The best section of these Jurassic beds with which w'e became acquainted, is 
exposed on the banks of the river Ijema, or Ishma. At its confluence with the 
Petchora, large masses of a grey calcareous grit or sandstone, with a yellowish 
surface, and subordinate to the clays, are charged with, Ammonites and other 
shells, as well as fossil wood. Beneath these succeed clays of very great thickness, 
with little concretions of cement, stone or argillaceous limestone, and still nearer 
the base is a shale similar to that of Goroditche and Moscow, in which are inter- 
laced many Posidonias, the whole reposing upon Devonian limestones. Some 
hard bands in these Jurassic shales, which we did not meet with in other parts of 
these regions, cause dangerous rapids on the rivers Ishma and Vim. The banks of 
the river Sisola, and of its affluent the Visinga, must, however, be cited as good 
Jurassic localities, not only because they have afforded a multitude of Oxfordian 
fossil shells, but also the rib of a great Saurian. Whether this bone may belong 
to the same Plesiosaurus, the vertebrae of which have been recently found ''' in beds 
of the same age near Moscow, is more than we can pretend to determine. Wc can 
here only dwell on the interesting fact, that although examined for so very short 


' See account of these Jurassic tracts, p. ‘J30, and of the tertiary dejiositn of the IVtchora, p. 332. 

* Having submitted a cast of one of these vertebra* and half of one of the origiiiulH found h}' Mr. Frears 
to Professor Owen, his opinion is thus expressed : — “ 'Flie Moscow vertebra* belong tf) the Pirsiosaurus 
brachyspondylus (^Owen), Report of British Association, 1H39, j). 78. 'ibey are both middle cerviculu, 
equalling in size our ordinary English specimen from the Kimineridge and Oxford ( lays. ’ 
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a peijod, the Oxfordian shales of Russia have already afforded Saurian remains on 
the Moskwa, the Volga, and the affluents of the Petchora, and that one of the 
forms is identical with a British species. 

In concluding this chapter, which pretends to be an outline sketch only of a newly 
explored region, a large part of which is to be more minutely described in a sepa- 
rate work, we beg our readers specially to consult the Map, PI. VI., as well as the 
coloured sections, PI. V. In the latter, the general succession from the axis of the 
Arctic Ural to the adjacent low country on the west is explained in fig. 1, whilst 
the other drawings will afford a general idea of the outline and structure of a 
country never before examined by a geologist, and which, from the rigour of its 
climate, the nature of its Zyrian and Samoyede inhabitants, the difficulties of 
access, and the absence of any great mineral wealth, may not for ages to come be 
visited by other men of science. 

Among the important geological results which this survey has contributed, we 
dwell with pleasure on the very clear development of Lower Silurian rocks charged 
with characteristic fossils near the axis of the Arctic Ural ; because amid the me- 
tamorphoses which that chain has undergone, it is extremely difficult to detect such 
good proofs of age towards the central portion of these mountains. The evidence, 
indeed, of Lower Silurian, distinctly underlying true Upper Silurian strata, is a link 
in the proofs of succession which the reader will have observed it was not our 
good fortune to be able to detect in the highly metamorphosed axis of the North 
Ural of the miners. The western flanks of the Arctic Ural have also been most useful 
in demonstrating the precise age of certain grey carboniferous grits (whetstones) 
which have a very great expansion along the western outskirts of the chain, and 
are represented by a particular tint upon the Map (3'). 

New as it is to the geographer, the Timan range is not less interesting to the 
inquiring geologist, who cannot have examined vast areas of land, without being 
convinced, that however widely certain deposits may seem to be marked by a pe- 
culiar lithological structure, such distinctions are invariably put an end to when 
we reach the ancient boundaries by which such sediments were encompassed. In 
exposing true Upper Silurian rocks (which we have shown are not discoverable in 
the government of St. Petersburgh), and in thereby filling up, like the western 
Baltic provinces and the Ural, the full measure of the palaeozoic rocks of this con- 
, tinent, the Timan range also exhibits Devonian and Carboniferous rocks, which 
are identical in contents with strata of the same age in the flat regions of Russia, 
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whilst they differ materially from synchronous rocks of the Ural. This fact has 
led us naturally to connect the Timan with the subsoil of the vast low Muscovite 
count! ies, of which it forms the north-eastern girdle, and to separate it from tht 
Ural, which in our language, has already assumed the Siberian type. Even llu' 
eruptive rocks of the Timan are, as we have shown, very different from those ol 
the Ural, and much more accordant with those of Scandinavia, with the eastern 
flanks of which country the range seems to be in intimate connection. 

The survey of the Petchora has further determined the exact north- eastern 
limits of the enormous basin of Permian deposits, whilst an examination of the 
flanks of the Ural or the Timan have equally shown us, that though pertaining to 
the same series of palaeozoic life, the Permian strata must unquestionably bi- 
distinguished from the old and altered rocks of the Ural, out of which they have, 
iljdeed, been formed, and to which they are usually unconformable. In that 
phaenomenon alone then we see the proof, that certain groups of animals have not 
always been obliterated by the powerful local changes, which have separated one 
deposit from another. 



CHAPTER XVIII. 

SOUTH URAL. 

(MAPS, PL. VI. AND VII.. AND COLOURED SECTION. PLUL mri 


Introduction. — Eastern Flanks of the Chain between the North Ural of the Miners and 
the South Ural of the Bashkirs, or between the river Issetz and the Zavod of Kish- 
tymsk, — From Kishtymsk and Mount Sugomak by Soimanofski Zavod to Zlataust . — 
Zlataust, Taganai and environs. — Traci extending westwards to Simsk. — Trans- 
verse Section across the Chain, from the Palaozoic Strata of Pristan and the 
river Ai on the west, through the dolomitic and trappwan rocks of Satkinsk, across 
the Ural Tau, to the highly crystalline and Metamorphic Rocks of Zlataust and 
Miask upon the east. — Tracts south of Miask. — Environs and Section of Cossatchi- 
datchi. — Granitic Steppes between the Ural and Troitsk in Siberia. — Eastern edges 
of tha.Ural from Verch-Uralsk to Orsk. — Transverse Section from Orsk to Oren- 
burg. — Oblique Section of the Chain from near Orenburg, by Preobrajensk and over 
the Irendyk to Verch-Uralsk. — Transverse Section of the Chain from Verch-Uralsk 
on the east to Sterlitamak on the west. — Concluding Observations on the original 
Structure of the Ural Mountains and the Changes they have undergone ; on the 
inversion of the Strata and their direction in different parts of the Chain. 

c 

The Southern Ural of the geojjrapher may be said to be divided from the North 
Ural of the miners, in the parallel which the Russians have selected as the limit 
between the governments of Perm and Orenburg *. To the south of this boundary 
vegetation becomes richer, and fine streams flow longitudinally between important 
ridges, which expanding in their range southwards and south-westwards, finally 
occupy a region of considerable width. Light and running waters have access to 
beauteous glades, which, peopled by picturesquely-clad Bashkirs, cheer the sight of 
the traveller, who contrasts them with the gloomy and unpeopled thickets of the 
north. The Southern Ural is also distinguished by having its chief peaks upon the 

' In the time of Pallas a great part of the region described in this chapter was the government of 
Issctsk, 8inc3 abolished, and now divided between Perm and Orenburg. 
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T»estera side of the watershed, whilst in the North Ural, as already shown, they 
rise up on its eastern flank. Thus in the tracts we are about to consider, *the 
Taganai, Iremel, Yamantau and other great elevations, lie to the west, whilst in 
those previously described, the Katchkanar, Pavdinski and Konshakofski-kamen, 
are upon the eastern slope of the axis, or “ divortia aquarum.” We liere speak 
merely of the lines of greatest altitude, for upon inspecting the Map it will b^ seen, 
that in a geological sense, many of the igneous rocks preserve their meridian di- 
rection, and occupy very nearly the same parallels of longitude, whatever may be 
their height. 

The chief physical distinction, however, of the South Ural is, that unlike the 
North Ural, which has one dominant ridge only (see Map, PI. \TI.), it is composed 
of many bands, which, proceeding from the mountain Yurma, gradually open out 
fan-wise, and are divergent. For whilst the Ilmen Hills on one line, and the Kyrkty 
or Krykty and Irendyk upon another (the two latter forming a sharj) “ serra,” which 
represents the chief water-shed), trend upon the whole, from north lo south ; other 
and loftier ranges proceed from the Yurma, Taganai and Urejiga on the north- 
east, and swelling out on the western flanks of the lofty Iremel ', expand into a 
succession of ridges, which trending from north-north-casU to south-south-west, 
are watered and traversed by the rivers Inzer, Nugush and Bielaya, all tributaries 
of the Kama and the Volga. It is this south-western portion of the chain which 
has met with the least attention from geographers and geologists, and in referring 
to our Map, on which many new features are inserted, we shall in the sequel 
endeavour to point out the structure of some of these embranchments. Before, 
however, we enter upon the description of such portion of these southern mountains 
as we visited, we must say a few words concerning an intermediate tract on the 
eastern flank of the chain between Ekaterinburg and the South Ural properly so 
called. 

Eastern Flank of the Ural south of Ekaterinburg . — The portion of the chain which 
lies immediately to the south of Ekaterinburg is of slight altitude, and is com- 


* The knot of higher mountains around Iremel, or Eremell, the geographical features of wliich have 
been just described in detail by M. J. KhanikoiF (Journal of the Royal Geographical Society, vol. xiii. 
is not, of course, included in the allusion to accessible and picturesque districts. Helmcrsen and Hoffman 
have explained the structure of the highest peaks in this rugged Alpine tract, which, as in the Taganai 
and Ural-tau of Zlatahst, consist for the most part of quartz rocks, with |)a8sages into micaceous 
schists, &c. 
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pofed of crystalline rocks, some of which have been already alluded to, and ntbers 
have been described by Humboldt and Rose. Believing that a tract in which the 
copper mines of Gumachefsk and Polefsk, so well known for their imbedded 
minerals, including marbles, veinstones, &c., could afford few or no traces of 
organic life, we did not examine it, but defected from the chain to make the sec- 
tion on the Issetz, already described, and did not regain the mountain slopes till 
we reached the environs of Kishtymsk 

Quitting the Issetsk and the little oasis of Silurian rock at Crasnoi-glasnova 
(p.364), we bent our steps obliquely towards the eastern slope of the Ural. For a 
considerable space around Crasnoi-glasnova the surface is occupied by rich black 
earth, the ” tchornozem ” of the Russians, of which we shall treat hereafter, men- 
tioning it in this place only, in order to note, that we are unacquainted with any 
such deposits on the flanks of the Northern Ural. In this tract is also situated the 
brackish lake of Shablish, which having scarcely any outlet, may possibly derive 
its saline properties from springs flowing through subjacent rocks. We perceived, 
indeed, another geological feature in the neighbourhood of this lake, which led us 
to infer, that saliferous deposits, similar to some of those of Russia in Europe, 
might exist beneath* the superficial covering of black earth and local detritus. 
Being informed by the peasants, that gypsum occurred in a little mount about 
twenty.five versts south-east from Bagariatsk, we travelled from that place to ex- 
amine it. Passing by the lake and village of Ognova, in a flat country covered by 
black earth, we found the gypsum exposed in a gentle rise on the right bank of the 
river Sinara, and not far distant from its junction with the Sinera. Though the 
.quarry had not been worked for fifteen years, the open cuttings were still sufiiciently 
visible, and a section of about thirty feet deep plainly exposed courses of thinly 


' two of u8, Mr. Murchison and M. de Vemeuil, were thus employed upon its eastern flank, 

Count Keyserhng repassed the UnJ to Sergiefsk. and descended the stream, to the banks of the Ufa. 
.thereby «ce^ng the unction, between the older paleozoic rocks and the grits of Artinsk (see antp. 
p. 128). After these independent explorations we again met at Zlatahst, whence, after some conjoined 
exp orations, M. de Verneuil and Count Keyserling passed from the Ai to Satkinsk, Simsk, Ufa and 
Or«burg. Ifrom Zlatahst Mr. Murehi«,n again took the Asiatic side, and. accompmued by Lieutenant 

f the auriferous tracts there and at Cossatchi- 

da^. from whence he traversed the steppe to Troitsk, and thence regained the Ural river. Mowing it 

fimm Oiwburg to Verch-Urddc,. and from that place to SterUtamric. whilst Count Keyseriing traversed 
the Kii^his eteppe by Mount Bogdo, &Ce 



EAST FLANK OF THE URAL NEAR KANEVSK. 


423 


foliated, red and grey gypsum, sabordinate to red sandy clay ; the whole dipping 
slightly to the south-east. In the bed of the adjacent stream we found fragments 
of a reddish-coloured brecciated limestone and of eruptive rocks, but could not 
connect them with the gypseous mount ; nor did we discover any organic remains 
by which we could satisfactorily determine its geological age. On the western 
flanks of the Ural, the Permian strata are, as we have shown, the great depositories 
of gypsum ; but could we, from the mere presence of that mineral in red earth 
infer, that this isolated patch, — the only one so characterized along the eastern 
side of the chain — is of the same age ? Certainly not, because there is no vestige 
of the Permian rocks on the Siberian side of the Ural, and we, therefore, consider 
that this gypseous mount must either be a portion of the older paleeozoic rocks 
(Devonian for example) which abound in these territories, or an accumulation of 
tertiary age, like that of Kaltchedansk, formed out of the detritus of pre-existing 
formations (p. 366). At Bagariatsk, indeed, we met with a very instructive sec- 
tion, in which for nearly a mile, highly inclined beds of red and green schists (on 
the battks of an affluent of the Sinara) alternated with red and greenish coarse 
conglomerate and grit, the whole differing only from the Old Red Sandstone of 
Scotland, in containing a few courses of impure limestone. On the west, or up 
the stream, these rocks pass into highly altered amorphous cherty limestonb ; and 
on the east or down the river, into black schists, grey grits and limestone contain- 
ing large carboniferous Product! and other fossils. Seeing, therefore, that the 
tr$ict (as well as that of the adjacent Issetz) does contain rocks, which, rising from 
beneath the carboniferous limestone, must be considered of Devonian age, we are 
disposed to think, that just as at Starai-sol near Novogorod, such beds may con- 
tain the elements from whence the saline character of the Shablish lake has been 
derived, and that like the gypsiferous strata of similar age in Livonia, they may 
contain gypsum ; the hummock on the Sinara being either part of them, or having 
been derived from their destruction during the tertiary epoch. We had now com- 
pletely satisfied ourselves, both by following the Issetz to Kaltchedansk, and by 
examining the Sinera and its affluents, that palaeozoic rocks, pierced at intervals by 
plutonic matter, constitute the subsoil of the low plateaux, which descend from the 
mountain slopes to the great Siberian plains. 

In approaching the Ural (at a few versts to the east of Kanevsk), we observed 
that granite again usurps the surface. This is a southern prolongation of one of 
the bands of similar rock near Ekaterinburg, like which it splits into flagstones, 
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vrhi^h when laid down here for use are sometimes three to four yards square and 
three or four inches only thick. When treating presently of similar rocks near 
Miask we shall discuss the question of their origin. 

Travelling over another low and undulating country of black earth to the west 
of Kanevsk, we traversed the most northerly of the grounds now frequented by the 
Bashkirs and reached the Zavod of Kaslinsk'. FromKaslinsk to Kishtymsk the 
road coasts, as it were, the very edge of the Ural ridge, passing through woodlands 
and by a succession of lakes. In fact, we journeyed somewhat obliquely over a 
succession of dwarfish ridges, thirty to 100 feet high, each in itself a crystalline 
mountain in miniature, and all perfectly parallel to the main crest. If the chief 
heights of the Ural be compared to highly agitated billows, these little flanking 
ridges may be likened to the last expiring waves which have derived their form 
and structure from the same causes of disturbance. We found them to be, in fact, 
the smaller lateral folds of highly metamorphic rocks, whose surfaces, uncovered 
by a single block ‘and in many parts swept clean of all gravel and sand, were 
thoroughly exposed. Some of them are so micaceous that they might pass for pri- 
mary mica schist ; others may almost claim to be associated with gneiss, and with 
them are associated thte dominant chloritic and quartzose rocks of these regions. 
Though both eastern and western dips prevailed in the outer folds, a western incli- 
nation is most common in the masses nearest to the mountains, indicating an in- 
version or reversal of the strata, — a phaenomenon often observed on both sides of 
this chain, and other great linear eruptions. In short, we had beneath our feet 
miniature mountains, which a few years ago any geologist would have termed pri- 
qjary, but which (and we shall soon adduce additional proofs to those derived from 
the North Ural) we cannot but consider as metamorphosed palaeozoic strata, or 
masses so associated with them, that we know not how to separate them, in any 
classification founded upon the age or succession of rocks. 

The Zavod of Kishtymsk is placed amid the lower folds of these metamorphic 
rocks and on the edge of a picturesque lake, just where the eruptive rocks rise out 
in great and striking masses from beneath, and explain, as in other places already 
cited, the cause of so much alteration. 

' In approaching Kaslinsk our horses were brought to a stand- still at the edge of a wood in which the 
Bashkirs of the environs had pitched their summer tents. Hie sun was setting behind the Ural Moun- 
tams and gilding the tents of these poor but joyous people, who, after regaling us with their "kumiss” or 
mare's milk, furnished us with fresh horses from their extensive herd. 
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The prominent mountain, which here forms a striking counterfort of the yral, 
is called Sugomac. On ascending it we were amply repaid, both by finding the 
structure of its flanks and summit most instructive, and also by enjoying a most 
remarkable prospect. Between the Zavod and Sugomac, bosses of greenstone, for 
the most part quite a hornblende rock, throw off gneissose mica schists, and in 
ascending the hill we met with protuberances of syenite ; whilst higher up and in 
the deep recesses of the woods, limestone constitutes isolated masses, in the altered 
condition of white marble, with large crevices and fissures, one of which constitutes 
a cavern, said to be 300 feet in length. 

The summit of Sugomac consists of a rock', which, like some of those alluded 
to near Ekaterinburg, almost defies mineral classification. It is irregularly schis- 
tose and chloritic, but at the same time contains hornblende. It is, therefore, 
either an intrusive or an original depositary rock so much transfused by igneous 
matter that the distinction can scarcely be drawn. From this peak the panoramic 
prospect is very striking. To the west is a vast rolling surface ol mountains, made 
up of ridges separated from each other by dark depressions, and all, with the ex- 
ception of the distant stony crest or “ Ural Tau,” covered with the densest forest ; 
in short a primaeval woodland, similar to that seen from the Katchkanar (p. 392), 
but differing in offering a more wavy outline. On the east, Siberia lies aBsolutely 
at your feet, and minor inequalities of the surface being merged, looks like one vast 
plain. The lake and Zavod of Kishtymsk, with rich meadows around them, are in 
the middle ground, and the distance is composed of a woody and partially pastoral 
tract inhabited by Bashkirs, in which, as we were informed, at least a hundred 
lakes exist, ninety of which belong to the proprietor of Kishtymsk. Some of these 
are represented in the opposite landscape, which we offer as one of the most striking 
“ peeps into Siberia” which we met with on the eastern flank of the chain*. 


' Sugomac may be considered the southern prolongation of the ridge which lies between the iron 
mines of Ufaleisk and the Zavod of Kaslinsk, a tract formerly described by Hermann (Mineral. Ileisen in 
Sibiricn, 1783), and which consisto of clay-slate and mica schist, with syenite and granite. It is also a 
tract (particularly between KUhtymsk and Syssersk), in which, according to Rose, chromate of iron 
abounds, occasionally appearing in layers or intercalated with serpentine. (See Hose** Anuly 
Rhodochromate found with the chromate of iron.) Talc schists, greenstone, with albitc and cynnite, also 
occur here, and probably the rare mineral Uvarovite. (Hose s Reise, vol. ii. p. I'>8 to 160.) 

Though the gold mines in the neighbourhood of Kishtymsk were visited by Baron Humlm dt and his 
party, it i^ipean from M. Rose’s narrative that bad weather prevented their seeing or ascen mg oun 

* The Zavod of Kishtymsk belongs to the Zuboff family, whose agent, M. Petrof, received us with great 
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ENCRINITE LIMESTONE IN THE CRYSTALLINE ROCKS. 


S^imanofski Zavod, Sfc. Sfc. — After travelling along the flank of the chain for 
some distance to the south of Kishtymsk amid the woodlands, lakes, &c. seen in the 
preceding sketch, we followed the new road by Soimanofski Zavod to Zlataust (see 
Map). We thus necessarily effected what was much to be desired, viz. both a 
longitudinal and transverse section of the chain itself, in tracts where its structure 
is excee'Bingly diversified. The first traverse, or that in the parallel of Soimanofsk, 
exposed in succession ridges like those of which Sugomac is the type, and in 
which limestones and serpentines also abound, together with decisive eruptive 
rocks, and altered quartz rocks, &c. Further on, and to the west of the Zavod 
of Soimanofsk, large masses of auriferous alluvia encumber the surface and in- 
clined edges of the subjacent and regularly stratified limestone, which enters quite 
into the heart of the chain*. The great point of interest to be now adverted to is, 
that after following the beautiful pastoral and upland valley of the river Miass, with 
the granitic ridge of the Ilmen-tau on the east and the higher eruptive and meta- 
morphic chain of the Ural-tau on the west ; i. e. when fairly encased between two 
great parallels of eruption, we discovered Encrinites in pure white saccharoid lime- 
stone. So highly altered is the rock, that we could still less believe our eyes, 
than when many years* ago in the Austrian Alps, with Professor Sedgwick, we 
discovefed similar organic remains in the chloritic, primarized limestone in the 
Tauern Alp. (Geol. Trans., vol. iii. p, 306.) This limestone being precisely on 
the strike of the masses on the mountain of Sugomac and at Soimanofsk, left no 
option but that of admitting, that the associated stratified masses, however crystal- 
line they may now appear, were once quartzose sandstones and greywacke, formed 
urider the sea at a period when palaeozoic life prevailed. 

The great transverse section across the whole chain in the paraUel of Zlataust, 
which will be presently described, strikingly illustrates this point and demonstrates, 
how invariably the altered character of the rocks and the presence of mineral veins, 
with bunches of simple minerals, are connected with and dependent upon the erup- 
tion of igneous matter. 

Group of Mountains around Zlataust from whence radiate the ridges of the 
South Ural— We had now passed along the flank of the Jurma (see Map), and 

kindness. He pmented us with a very remarkable ore of iron from the mine of Yurasamskoi, west of 
Schatinsk, which is in parts made up of fibres nearly as fine as the filaments of asbestos. The Zavods 
around Kishtymsk produce 250,000 poods of iron and seventeen poods of g;old per annum. 

‘ The gold aUuvia and their relations to these subjacent rocks wiU be subsequently explained. 
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were already in the knot of mountains from whence the South Ural, prope^y so 
called, begins, and where the striking contrasts with the North Ural, alluded to at 
the head of this Chapter, may be said to commence. It is here that separate 
ridges of marked and mountainous characters set on, such as the Urcnga and the 
Taganai on the west, the Ural-tau in the centre, and the Ilmen hills upon the east. 
Here it is also that the rivers Miass and Ai, gliding in depressions through the 
central portion of the chain, escape into the adjacent lower countries, the former 
by the Zavod of Miask to Asia, the latter by Zlataiist to Europe'. Availing them- 
selves of the water of the Ai, just where that stream issues from the higher mountains, 
the Russians judiciously fixed their chief establishment of Zlataiist upon its banks. 
This very flourishing place is thus situated in a romantic valley on the western 
side of the watershed of the Ural, at the foot of the Urenga, and a little to the 
south-west of the Taganai. The latter, the most striking mountain of the tract, 
rises boldly from the well-watered vale into three summits, which have acquired 
for it in the Bashkir language the name of “tripod of the nfoon.” The highest 
of these summits has been estimated by M. Kupffer at 3521 English feet, and by 
Colonel Helmersen at 3592 English feet above the sea. 

' Zlatailet is the Birmingham and ISheffield of the Ural, and exhibiting Tiigli jirogreHS in the arte> and a 
well-organized community, is one of the brightest spots in the Russian empire. We very mucli%egret that 
the nature of our work does not permit us to sjieak at length of the superior manufacture of steel wliich 
has so distinguished Zlataiist since the Zavod has been directed by that skilful metallurgist and excellent 
administrator General AnosofF, whose damasked scimitars and ornamental steel works excel everything of 
like nature with which we are acquainted. On this point, indeed, we willingly refer to Cajitain JamcH 
Abbot of the Honourable East India Company’s Artillery, a traveller well-versed in the processes of pre- 
paring steel in the East. “ The general fault of European blades (says he) is, that being forged of shear- 
steel for the sake of elasticity, they are scarcely susceptible of the keen edge which cast-steel will assume. 
The genius of AnbsofF has triumphed over thifc* objection, not in hardening the soft steel, but in giving 
elasticity to the hard ; and it may be doubted whether any fabric in the world can compete with that 
of Zlataiist in the production of weapons combining in an equal degree edge and elasticity.” — Narrative 
of a Journey from Hcraut to Khivah, Moscow and Petersburyh, vol. ii. Appendix, p. 87. The exquisitely 
damasked daggers and a sword w'hich we received on the spot from the General, fully sustain the truth 
of this eulogy, and a plateau of burnished steel, richly ornamented and diversified with gold relievi, since 
forwarded to Mr. Murchison by the Imperial Administration of Mines, has excited much admiration in 
England. We found in General AnbboflT and his amiable family, as well as in the various officers of the 
Imperial Mines (who are all attached to him in heart ns well as by duty), the truest and most serviceable 
friend, and we took leave of him with sorrow. Attended by Major Lisseriko, w'ho had jircpared a mineral 
map of the region, General AnbsofF accompanied us in two excursions, and insisted on travelling with 
Mr. Murchison across the Ural to Miask and the gold mines south of that place, ascending by the way ^ 
the Ural-tau, We have spelt Zlatahst as it is pronounced ; the German orthoepy of it is Slatoust (see 
Map of the Environs, Rose, vol. ii. pL 5.). * 
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THE URElTGA AND ADJACENT HILLS. 


H|.ving ascended the Taganai, we found it to be composed of quartz rock, evi- 
dently of metamorphic origin, for in some parts the stone is seen to pass through 
distinctly stratified beds into grit and conglomerate, whilst in others it is so highly 
crystalline as even to assume the characters of avanturine. Bising up from amidst 
masses of micaceous and chloritic schists, and surrounded by granitic and other 
igneous rocks which are laid bare at lower levels, the Taganai is, in truth, iden- 
tical in structure with the adjacent Ural-tau, of which it must be considered a 
western counterfort, though considerably higher than the true watershed of the 
mountains. 

The Urenga is a great crystalline mass of micaceous and chloritic schist, which 
contains dykes and bands of quartz, and is traversed at many points by greenstone 
dykes, and is also, we believe, metamorphic. The Nazimskaya-gora, to the north 
of Zlatahst, which rises to near 2300 feet above the sea, may be considered a 
prolongation of the Urenga. From the eastern side of this mountain we took till* 
opposite view of the Taganai, which thus appears as a short but lofty, isolated, 
ridge surrounded by dense woods. 

On the western flank of the Nazimskaya-gora we collected some beautiful minerals 
from a point of rock which had been recently laid open by order of General 
An6sofi'. At this spot the matrix is a chlorite schist with some limestone, pene- 
trated in a very irregular manner by points of greenstone, the calcareous matter 
being usually in the form of spar, and the greater number of the simple minerals 
being found between it and the face of the intrusive rock. Among these minerals 
was the newly-discovered repidolite, together with garnets, crystallized talc, &c. 
Wjierever the rocks are exposed, immediately to the north or south of Zlatahst, or 
in the gorges to the west of it, they are seen to consist either of amorphous masses, 
like those just mentioned, or of regularly stratified micaceous and chloritic schists 
and quartz rock, with which are associated intrusive greenstones, often, to a great 
extent, assuming the form of beds and dipping with the strata. 

Wettem Dependencies of the Mountains between Zlataust and Bimsk . — Before we 
describe our general section across the chain in the parallel of Zlatahst andMiask, 
we beg to give a brief sketch of the succession from the crystalline centre of which 
we have just been speaking, to the western edge of all the rocky region near Simsk. 
The crystalline and metamorphic ridges of Taganai and Urenga, with a subsidiary 
limestone at Kuvashi, are flanked by a basin-shaped mass of schistose calcareous " 
deposits, of which the hmestone of Kussinsk is the fullest type. These we are 
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disposed to consider of Upper Silurian age, for reasons which will he given in,ex- 
plaining the transverse section, PI. III. fig. 1. The country which we would now 
describe, is tluR which lies to the south and west of the Zavod of Satkinsk, and 
is made of various ridges of palaeozoic rocks, watered by the rivers Juriusen or 
Yurezen andiSim, and their afiluents. Satkinsk, by which place our chief section 
passes, is distinguished by its black dolomites and contiguous greenstones ; the 
two rocks being in contact. At eight versts to the south of Satkinsk is Mount 
Makarofka, composed of greenstone at its summit, and flanked, by slaty, argil- 
laceous schists, which strike about north-north-east, south-south- west, or to the 
east of north’. This mount, and that of Ballindisha, the summits of which consist 
of immense masses of quartz rock, form a little ridge extending from north-north- 
east to south-south- west, and parallel to a higher ridge on the west called Silkia, 
also composed of quartz rock ; the valley between them being occupied by lime- 
stone and iron mines. Still further to the south-south-west, the easternmost of 
these branches assumes the name of the Tchuida, also composed of quartz rock, as 
well as the loftier Zigalga (see Map, PI. VII.), which runs ])arallel to it on the east. 
The valley between these ridges, or that of the Bulanka, which we traversed, is 
made of clay-slate, which having a north-north-easterly strike, has a dip of 35° to 
40“ to the east-south-east. With the expansion of this valley, an argillaceous and 
fissile limestone is developed (at Perevanehina, fifteen versts east of Yuryusensk), 
which clearly forms a part of the schistose and quartzosc rocks in which it is inter- 
calated, and with whose bearing to the north-north-east it entirely coincides : the 
beds of this limestone are all inclined eashrardt at various angles from 10“ and 
15° to near verticality. , 

Flanked on the east by a ridge of slaty schist, the little town of Yuryusensk is 
situated in a picturesque longitudinal valley, ornamented, like all the Uralian 
forges, with a Zavod lake, the north-western banks of which consist of abrupt 
faces of limestone, in which we detected Stromalopora concentrica, with Terebra- 
tulae, in beds passing downwards into dolomites ; the whole dipping to the east- 
south-east, and therefore under the more ancient slaty schists and quartz rocks 

' A very productive iron mine (brown oxide ?), wbicti eupplies the forges of Vuryiisensk, Sirask and Ust 
Keteeysk, occurs at Bakalski. The mining stuff is traversed by a highly inclined band of siliceous grit or 
quartz rock dipping to the north-west, and the surface is covered with clay and sand. 1 his iron ore is 
probably of the same age as that which is .bund in the clefts and in the interstices of all the jmla*ozoic rocks 
on both flanks of the chain, and is evidently an aqueous deposit of much more recent date than the mag- 
netic iron ore. . 

3 K 
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before mentioned. We believe that this slaty, quartzose and occasionally pal- 
careous series, which is, in fact, repeated by upheavals and repetitions to the very 
heart and highest members of the chain, — the lofty Iremel itself being but a meta- 
morphosed grit and sandstone in the form of quartz rock, — represents the great 
mass of the Silurian system, and chiefly its lower portion. 

To the west, however, of Yuryusensk the natural features of the country change, 
the sharp and arid ridges of quartz rock and slaty schist disappear, as well as the 
eruptive rocks, ^nd are succeeded by limestones, sandstones and shale. The strata 
exposed between Yuryusensk and Ust Kataevsk, consist of limestones, both thick, 
thin-bedded and concretionary, occasionally dolomitic, sometimes in the state of 
marble, of red as well as grey colours, with subordinate grits, conglomerates and 
schists'. Throughout this succession of calcareous beds, we could discover a few 
corals only, but in a limestone valley at Ust Kataevsk we met with a Spirifer, 
identieal with one with which we were familiar in the unquestionable Devonian 
beds of Voroneje on the Don (see p. flO), and which we have named S. Anossofi, 
in honour of our esteemed friend the Director of the mines ofZlataust. Here, then, 
w'e had a true horizon, which was soon shown to be correct ; for in a few versts to 
the west of this spot c&rboniferous limestone succeeds. It is important to remark, 
that whilst throughout the whole of the slaty, quartzose and older calcareous 
groups of which we have been speaking, and which we class as Silurian, the strata 
invariably plunge to the east or south of east (the younger portion of these rocks 
thus unquestionably dipping under the more ancient) , no sooner are we removed 
at a certain distance from the great convulsions which the chain has undergone, 
tj^an all such inversion ceases. At Ust Kataevsk, where the surface is only gently 
undulated, the beds regain, in fact, their normal position, and the Devonian lime- 
stone, which to the east is inverted, dips steadily to the west-north- west, and is 
naturally overlaid by the carboniferous group. These rocks, whether in the form 
of limestone, grit or calcareous flagstone, are well seen at Yakina and Eraol ; the 
former six, the latter fourteen versts west of Ust Kataevsk, and in it we collected 
the well-known Productus striatus (Fisch.), (P. Valdaicm), with other fossils. In 
travelling from Eraol to Simsk, the road first passes over a low hill called the 
Eraolski Gora, the eastern flank of which is remarkable in this region, so void of 
all coarse detritus, by being covered with rolled and rounded fragments of syenite, 

^ The chief elevation in this calcareous tract is called Mount Soliman, the body or flanks of which 
consist of limestone^ though the summit is a grit. 
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quartz rock and other crystalline materials derived from the adjacent hills qpon 
the east and north-east. The summit, however, (a plateau from whence the Iremel 
and higher mountains of the chain are well seen,) is composed of limestone and 
sandstone in nearly horizontal masses, impressions of Calaraites and other plants 
being visible in the latter. The Carboniferous system occupies, in fact, a fine 
breadth of country in this parallel, extending to about thirty versts west* of the 
fiourishing Zavod of Simsk, where it is finally overlapped by the gypseous red 
rocks of the Permian system which surround the city of Ufa. Voi^ of all traces of 
detritus derived from the chain, and apparently beyond the region of dislocation, 
Simsk is very remarkable in exhibiting picturesque and broken masses of the 
carboniferous limestone, wbich surrounding a circular lake, dip in various direc- 
tions. In tact, the strike in one point where we observed it, is from west to east, 
or athwart the direction of the very same formation a little to the east. Such j)ar- 
tial aberrations and eccentric breaks must be looked for in the outermost folds of 
a great series of mountain flexures, near their line of frontier wiTh another grouj) of 
deposits. By reference to the Map it will be seen, that Simsk is probably upon 
one of those flanking lines of dislocation parallel to that singular line of erup- 
tion which traversing the Inser is marked by a long south^south-westerly bend of 
the Bielaya. It is upon this latter line that the remarkable outliers of carbofiifcrous 
limestoire north and south of Stcrlitamak, before described, ]). 130, have been up- 
heaved, to the consideration of which we shall hereafter return. Among the fossils 
at Simsk we may enumerate Productus Mariini, P. scmireticulatus (Mart.), Sp'mfrr 
lineatus {Mart.), all well-known Derbyshire and British species. 

General Section across the Chaiti in the parallel of Zlataust and Miask. — The co- 
loured section, PI. 111. fig. 1, will best explain the highly diversified character of 
this chain, which, so crystalline in its central parts, tells off in a remarkably clear 
manner on its western flank the original nature of those palajozoic deposits which 
have been sufficiently removed from the great centre of mineralization. On this oc- 
casion, reversing the method employed in explaining the succession from Zlataust 
to Simsk, we will describe the deposits as they succeed each other from the low 
country on the west, across the mountains to the low plateaux of Siberia on the east. 

On the banks of the little river Kiga (an affluent of the Ai) sandstones and grits 
occupy the low country, and constitute, as at Artinsk and other places where we 
have before described them, a wide trough in the carboniferous limestone on which 
they repose (see Map). To the west they are succeeded by true carboniferous 

3 K 2 
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SILURIAN ROCKS UPON THE AI. 


liiQ^toDe with its usual fossils, that rising out from beneath them is itself under- 
laid by calcareous and quartzose masses which, as developed at Alina, we believe 
to be of Devonian age. The next group, extending from thence to Pristan, is^ 
unquestionably Upper Silurian, for we found in it Pentamerus Bashldricus, Favosites 
Oothlandica, and Stromatopora concentrica. To the east of Pristan, a great convo- 
lution 18 followed by a break, and schistose and quartzose rocks with some green- 
stone are thrown over with a reversed dip. We consider these rocks, extending 
from Silkia to §atkinsk, to be Lower Silurian, because although we did not detect 
in them any characteristic organic remains, they possess the original elements of 
rocks of that age and contain at intervals courses of limestone, as already explained 
in the traverse to Yuryusensk. Knowing, as we do, from the sections of the Arctic 
Ural, that unquestionable Lower Silurian rocks exist in this chain, it is a fair 
inference that these quartzose and schistose grauwackes, which here succeed to 
true Upper Silurian, are also of that older age. In continuing the section, to 
Satkinsk and to the east of it, we find that the rocks in question are there over- 
laid by copious calcareous masses, often in the form of black dolomite, which lie 
in a trough, associated with much greenstone and trap. Near the eastern limit of 
this trough is the Zavdd of Kussinsk, where crystals of talc abound in the schist, 
and thus indicate an approach to the zone of high raetainorphism. 

The banks of the Ai, however, near this place expose fine cliffs of limestone, 
which, though we could discern nothing but Encrinites in them, we suspect to be 
of Upper Silurian age. The lower beds are thin flagstones, the middle beds are 
thick, exhibiting a singular concretionary structure and remarkable undulations in 
tlje joints ; whilst rounded elliptical forms, as if derived from large obliterated 
fossils, Pentameri?, protrude at intervals from the surface. Ilie uppermost beds are 
thin-bedded like the lower, of red, green and yellow colours, and have a hard schis- 
tose aspect. The associated shales are changed into finely laminated, hard argillo- 
calcareous schists, which are occasionally welded together into compact rocks, with 
gaping breaks transverse to the lamination, the whole formation having a strongly 
altered aspect. 

These rocks constitute the external fringe of the still more highly metamor- 
phosed masses, which occupying all the region around Zlataust, have before been 
alluded to. Between the Zavods of Kussinsk and Zlataust, other bands of altered 
limestone with quartzose grits occur at Kuvashi, associated with greenstone and 
micaceous schist^ which has been converted into Lydian stone. As in many other 
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places, both on the east and west flank of the chain, the strata are here inverted, 
and, instead of dipping away from the geographical crest, plunge directly under it, 
the inclination of the limestones near Kussinsk, in like manner with those of Yuryu- 
sensk (p. 430), being from 30° to 45° to the east and south-east. 

By following the older palaeozoic rocks from their external zone, as they fold 
over in the saddles and troughs described in this section, to the environs of Zla- 
tahst, we see how they become more and more crystalline and dislocated as they 
approach the axis of the chain. The crystalline and mineralized axis is of con- 
siderable breadtli in this parallel, and may be said to extend from some versts west 
of Zlataiist, to the eastern flank of tlie Ilmen Hills beyond Miask. Let us there- 
fore continue the section across it (PI. III. f. 1 .) 

The ridges of the hill called Kossatur, immediately to the east of Zlataiist, 
consist of mica schist, with garnets, and here, as atTurinsk near Bogoslofsk, these 
crystals appear in strata which have been penetrated by greenstone and trn])piean 
rocks. These beds also dip to the south-east, and pass upwards into (juartz rock. 
In fact, we have in this last pluenomenon, though in the valley and in miniature, 
exactly what we had found to be the succession upon a large scale in the 'J’aganai. 
Having traversed the marshy valley of the streamlet JeSma, the micaceous and 
quartzose rocks reajipear in little hummocks (Tismimski), the dejiressions'in which 
are filled with ores of iron. On the banks of a little stream called Tchornaya (Black- 
water), coarse-grained granite with occasional beryl appears. Near this point, 
where the ascent of the Ural-tau commences, a thin-bedded sandy limestone oi'curs, 
dipping slightly to the west. This rock, from its structure evidently of palieo/oie 
age, presents a singular lithological aspect, in having its lamime transfused v^itli 
hornblende. Micaceous schist, with great bands of quartz rock , rises out from the 
flank of this limestone, and constitutes the crest or watershed called the Ural-tau. 
If the traveller does not quit the road, which naturally passes in one of the dcpri^s- 
sions, little exceeding 900 feet above the lake of Miask, he can scar(;ely form any 
conception of the true nature of the ridge, but guided by General Anbsofl’ and 
Major Lissenko, we ascended the jagged peaks in the forest (COO to 700 feet higher), 
which lie a short distance to the north of the road. The very form of these rocks, 
as represented in the drawing, facing the title-page of this work, might lead to the 
belief, that they are simply vertical or highly inclined strata in a very metamorphic 
condition, and on examining them such proved to be the case. Immense heaps of 
debris of jointed quartz rock, necessarily presenting sharp angles and edges, form 
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a long, rugged talus. In these the original structure of sandstone, grit, and even 
conglomerate, is clearly discernible, though the whole mass has been transformed 
from its original condition into crystalline quartz rock, of whitish and pink 
colours, occasionally, indeed, with flakes of mica, and passing into the rock called 
avanturine'. In other masses the forms, and even colours of the pebbles and 
coarser ^ains of sand are quite visible, as well as the planes and joints of the beds. 
Some fine serrated masses of this rock, which have resisted atmospheric degrada- 
tion, are still in sjtu, and constitute the peak (Uralskaya sopka) represented in the 
drawing which forms the frontispiece*. The openings between these masses 
frequently indicate the faces of the beds, which here, as in the Taganai, are very 
highly inclined (70° to 80°), and produce a broken and serrated outline. 

In descending from the Ural-tau to the drainage of the Miass, bosses of red- 
coloured granite are soon seen protruding, occasionally in veins, through the adja- 
cent mica schist, and extending to the village of Syrostan. The highly altered 
condition of the roc'ks which form the Ural tau is therefore well explained ; for 
they are, in truth, encased like a wedge between two zones of plutonic eruption, 
and the very peaks of the watershed are seen to be merely metamorphosed grit 
and conglomerate. At ‘the village of Syrostan an intrusive junction is observed 
between* the granite and mica schist, where the latter rock, usually finely lami- 
nated, is more massive and compact as it approaches the point of contact. The 
mica schist is succeeded by limestone, which followed on its strike a little to the 
north of this spot, is, as before said, a highly saccharoid and white marble, con- 
taining Encrinites, and thus we get another independent proof of the sedimentary 
origin of all these stratified masses. From this point to Miask, the tract may be 
termed the metalliferous or auriferous zone. It is made up, as will be seen by 
reference to the coloured section, of much serpentine with hornblende slates and 


* The Siberian variety of avanturine had never been seen in England in a great polished mass, until 
His Imperial Majesty presented a magnificent vase of it to Mr. Murchison. That beautiful ornament, 
and the porphyry column on which it stands, were extracted from the hills of Bieloretsk and Korgon, a 
dependence of the Altai Mountains. They were polished at the Siberian works of Kulyvan, in the 
distant Government of Tomsk. 

* When the Grand Duke Alexander, the heir to the crown of all the Russias, visited this part of the 
Ural, His Imperial Highness attained the summit of these peaks, about 2500 feet above the sea, the last 
500 or 600 feet being very difficult of access. We followed his example, and with one foot dangling in 
Asia and the other in Europe, sang the national anthem, of ** Long live the Emperor” (see Lithograph 
opposite Title-page, and the inscription on the summit, which records the Imperial visit). 
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chloritic quartzose schists. At the spot called Listvenaya-gora, or the Larch«Hill, 
limestone occurs in a hrecciated condition, associated with chlorite schist, and 
pierced by points of greenstone, the upland depressions being filled with local 
detritus from which gold has been extracted. Then follow argillaceous schists, in 
which are auriferous quartzose veins'. The remainder of the section to Miask 
exhibits a highly broken series ; a mass of thin-bedded limestone being thrown up 
at one point by a fault against mica schist ; at another place, a peculiar garnet 
rock enveloped in serpentine, has been termed by M. Rose “ Djchter or Derbeu 
granat,” or compact garnet. M. G. Rose has given a woodcut representing this 
rock as being inclosed between walls of serpentine*. The serpentine of this spot, 
which, according to that author, contains diallage, appeared to us to act the 
part of an eruptive rock, and to have caught up a mass of grauwacke, which is 
highly mineralized ; in short, the compact garnet rock of Rose, which he has so 
accurately analysed, appeared to us to be nothing more than a crystallized sedi- 
mentary mass. Among the less altered strata which follow are conglomerate 
and grauwacke schist, with an imperfect slaty cleavage, dipping sharp to the east, 
and these are succeeded by greenstone and serpentine, the latter inclosing a mass 
of that peculiar rock the Listvanite of Rose, which, with ift flakes of talc and dis- 
seminated iron, may be considered a sort of dolomite. * 

Flanked on the west by a valley of argillaceous schist with quartz veins, in which 
the river Miass flows, the tract immediately to the east of the Zavod of Miask is 
chiefly remarkable, in exposing the granitiform ridges constituting the little and 
great Ilmen hills, which inclose a small lake. By the ordinary observer, the chief 
rock on the western flank of these hills would be pronounced gneissose or flug- 
like granite, resembling varieties of which we have previously spoken. In the 
upper and southern suburbs of the Zavod, the rock appeared to us to dip at a 
moderate angle from the side of the hill, and to be affected by regular joints, similar, 
in short, to that which we have mentioned at Kanevsk and Ekaterinburg. Baron 
Humboldt has very clearly pointed out the distinctions between stratified gra- 
nites (of Siberia and South America) and gneiss ; for though the former, often 
sloping down declivities, are regularly stratified, in beds of equable thickness, just 
like those of any sedimentary deposit, the great traveller has convinced himself that 

' These veins of gold *' in $itu” were formerly worked, but have been abandoned ; all the gold now 
produced in the environs of Miask being extracted from superficial detritus (see next Chapter), 

’ Reise, vol. ii. p. 9ii. 
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the phaenometton is due to the manner in which the igneous matter flowed, cooled 
and became solidified ^ Whatever, therefore, may be the mineral distinctions in the 
granitiform rocks which compose the western slopes of the Ilmen Hills near Miask, 
and however much they may have a stratified character, we believe that they are all 
of igneous origin. But why should we not meet with granite as regularly strati- 
fied as the greenstone and basalt of former epochs, or as the lava of modem times, 
all of which are common phaenomena ? In illustrating the borders of England and 
Wales, or the region of Siluria, we have, indeed, ourselves described several tracts 
(Llandrindod in Radnorshire, and Shelve in Shropshire, &c.) where thin-bedded 
crystalline rocks, having a true igneous matrix, not only alternate conformably 
with ordinary sedimentary strata, but have even enveloped the marine remains of 
the period®. The largest portion of North Wales, as Professor Sedgwick has so well 
shown*, is, indeed, made up of such alternations, on a very grand scale, of Lower 
Silurian strata with porphyries. Beds similar to the “ schaalstein ” of the Lahn 
in Nassau, which prevail in several places along the eastern flank of the Ural, are, 
in fact, but one of the terms in a series of igneously-formed strata, which are linked 
on to sedimentary deposits, whilst their opposite extreme is developed in the flaglike 
granites and syenites of which we are here speaking. These rocks are succeeded 
on the east by great masses of granite, which have usurped so large a portion of the 
surface in the adjacent parts of Siberia, and of whose extension to the south we 
shall speak hereafter. 

We do not profess to enter upon a description of the many beautiful and curious 
minerals, now well-known to collectors, which have been obtained from these hills 
of ^iask, but referring to the work of M. G. Rose, we will merely announce, that 
all the finest of these (zircon, black mica in large plates, green felspar in enor- 
mous crystals, albite, elaolite, sodalite, cancrinite, apatite, ilmenite, titanium of 
iron, pyrochlore, hornblende, beryl, topaz, garnet, &c.) are found either in beds, 
veins, or nests of the granitic ridge of the Ilmen. Masses of the rock with which 
some of the above minerals were associated, and whieh dip south-west from the 
sides of the greater Ilmen, and which appeared to us nothing more than flaglike 

' See Humboldt's description of these granites, Asie Centrale, vol. i. p. 295 etseq., and Rdat. Histo- 
rique, t. xi, pp.58, 84, 99 and 405 ; t.iii. p. 250. Dr. M‘Culloch has also described certain granites of 
Aberdeenshire as apparently stratified, though he viewed them only as ** examples of laminar disposition." 

* (Syst. of Geol., vol. ii. p. 94.) 

* Silurian System, pp. 269, 325 e# 9eq. • Proc. Geol. Soc., vol. iii. 
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stratified granite, forming the external coating of the hill, have, under the critical 
examination of M. Rose, been distinguished by the new name of “ miascite,” — a 
rock in which, in addition to white felspar and black mica, the place of the quartz 
is taken by “ elaolite',” a mineral having a strong resemblance to quartz. All 
these rocks, which show passages from granite to syenite, and the ” weisstein” of 
the Germans, are, we repeat, to be considered of plutonic origin ; and of this,*ndeed, 
M. Rose has afforded an independent proof, by showing that a mass of highly 
altered, granular limestone is singularly caught up and enveloped by them, on 
the summit of the Ilmen ridge, and is impregnated with apatite and other simple 
minerals 

Eattem Flanks of the Ural between Miask and Verch-Vrnlsk . — Included between 
the granitic and eruptive zone of the Ilmen Hills on the east, and the chief ridge or 
Ural-tau on the west, is included the prolongation of that metalliferous zone which 
has been just partially alluded to. This tract, watered by the river Miass, as it flows 
from south to north, is an undulating broad valley of rich pastift e land, diversified 
on its western flank by the granitic hills of Tchaskofski, a southern embankment of 
the Ilmen Hills, and on the west by the cruj)tive greenstones, greenstone 2 )or])hyrie 8 
and serpentine which have burst through the schists and oWier stratified d(q>usits. 
It is very metalliferous, particularly on its western and southern portions* which 
we shall afterwards describe, in reference to its alluvial and auriferous detritus. 
In the mean time we shall merely state, that at seven versts to the south of Miask 
we met with a hard Eucrinite limestone, on the banks of the stream, in which it w'as 
difiicult to discover a persistent strike, though the beds upon the whole, range 
from north to south. At this spot, the eruptive rocks being less protruded, the 
fossiliferous limestone occupies a broader oasis than usual in the South Ural ; but 
in following the river towards its sources, the calcareous matter disapj)cars, and the 
surface is for the most part re-occupied by various igneous rocks, which rise up in 
conical forms around the lake Aushkul. The oiqwsite sketch is offered to convey 
an idea of the prevailing forms of the ground in the rich metalliferous tract around 
this lake. The rock in the foreground, on which we stood, is a corn])ouud of 
diallage and serpentine, and is to some extent magnetic ; the most striking of the 
conical mounts on the hill of Aushkul (or holy mount of the Bashkirs), which rises 
to about 800 English feet above the lake®, being composed, together with the lesser 

' Rose, Reise nach dem Ural, pp. 17, 98. * Hose, vol. ii. p. 09 et tteq, 

• Kupffer, Voyage dans rOural. 

^ L 
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coiycal hills between it and the adjacent village, of similar eruptive serpentinous 
masses, with greenstone, porphyry, &c. The wooded ridge seen beyond the coni- 
cal hills is called Narili, and the Ui-tasb in the distance is a part of the Ural-tau, 
or watershed of the chain*. 

Referring to M. Rose for a copious detail of all the varieties of rocks and minerals 
of this* neighbourhood, in which copper as well as gold mines abound, we merely 
dwell upon the facts, that here, as in all the other Uralian tracts on the eastern side 
of the mountain axis, serpentinous rocks abound and are associated with limestone, 
usually in a highly altered state, though occasionally containing Encrinites ; that 
red and other coloured jaspers occur, in contact with the bands of greenstone por- 
phyry, together with a sort of slaty calcareous conglomerate, penetrated by augite 
crystals ; and that whilst such phaenomena with veins and masses of copper ore 
and auriferous alluvia are abundant, the eastern granitic ridges extending from the 
Ilmen, also contain bands of limestone, associated with micaceous and chloritic. 
schists, copper ores and numerous simple minerals. 

From these facts we infer, that the whole of this part of the country originally 
consisted of a series of sedimentary schists, limestones, sandstones and conglome- 
rates, which by the linear outburst of varied eruptive matter, have been left in their 
present highly mineralized condition*. 

Quitting for the present the beautiful valleys about the lake Aushkul, as rich in 
vegetable as in auriferous soil, the reader must now accompany us over verdant 
tracts, across the Kumatch and a few other trappeean ridges, which alternate with 
altered schists, to Kashaievo, on the outer flank of the chain, and thence traversing 
the great road from Miask to Verch-Uralsk, pass into another golden valley, or that 
of Cossatchi-datchi. 

Cossatchi- or Kazatchi-datchi (the Cossack-ground).— At this spot we were already, 
as the name implies, on that frontier of Russia which is bounded by the wild 
Kirghis, against whom outposts or forts occupied by Cossacks were established, 

* See detailed map of this tract, Rose, vol. ii. Tab. V. 

• Among the mineral substances which occur, we must, however, say a word upon the chromate of 
iron, which, according to M. Rose audM. Kuplfer, is sometimes found in serpentine associated with mag- 
netic iron. We did not visit the mines of chromate of iron, but they are said to be so prolific, parti- 
cularly at one spot dependent on the Polakofsk Zavod, and on the eastern slope of the Ural-tau, that 
not less than 20,000 poods, as we were informed, had been annually transported to Moscow. The use 
of this substance in manufactures is well known, and a manufacturer of Manchester has recently been 
induced to import the Uralian chromate, in consequence of a notice of its occurrence made by Mr. Mur- 
chison during the jneeting of the British Association held at that town in 1842. 
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before the line was extended southwards and eastwards, as at the present day'. If, 
whilst in the heart of the metamorphic rocks of the Ural, we could recognise but 
feeble indications of animal forms in strata which once must have been charged 
with them, we rejoiced, on arriving in this little eastern tract, to find that it was 
one of the very richest of the palaeozoic oases which had been spared from the 
devastation of ancient geological records, caused by the numerous outbursts of 
igneous matter in these regions. Even here, indeed, the little “ preserve” we 
are about to describe, is absolutely surrounded by eruptive rock^. On the west 
rises a sharp ridge of greenstone, serpentine, &c., which may be considered a 
southern prolongation of the Kumatsh, which extends north-castvrards to Miask, 
whilst on the east are rounded trappaean hills of comi)act felsjiar rock. Near to the 
former is a lower hill called Serbaifsk, composed of schist with quartz veins, and 
below it, under the streamlet Schertira, are established works for gold washings, of 
which hereafter. For a few hundred paces to the east of this establishment is an 
alluvial plain in which the Schertim wanders, whence a mass of highly inclined stra- 
tified rock protrudes, which on its western face, or towards the point of disturbance, 
is of a schistose, chloritic character, much impregnated with hornblende, and towards 
the east becomes calcareous, and is then undistinguishahlc from a true schaalstein. 
In this rock we did not, in our hasty visit, succeed in discovering organic remains ; 
but we consider it of Devonian age, because it is immediately flanked and overlaid 
by limestone, loaded with carboniferous fossils. This limestone occupies a plateau 
slightly raised above the adjacent brook, of perhaps about lUO acres in area, the 
surface of which, covered by a very scanty herbage, exhibits the limestone in a 
multitude of little hummocks, whose outline may be compared to that of a troubl^ed 
sea, as represented in this woodcut. 



p IlUlocks of carbonifcrouh liineHtonc. 


‘ CoBsatchi-datchi is on the old line or frontier of the Kirghiz, whicli jiaescd tlicncc along tlie Ural to 
Orsk. The new Cossack line is much advanced, and passes from 1 roitsk direct across tlic steppes to 
Orsk (see Map). 


3 I ? 
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The geological observer, who casts his eye around and sees that the limestone 
is surrounded by eruptive rocks, would have little hesitation in supposing, that 
these included masses also owed their peculiar form to some plutonic influence ; 
so completely do the calcareous protuberances resemble in outline the igneous 
“hornitos” of Jorullo in Mexico, described by Humboldt. Though all composed 
of limestone of a greyish-white colour, these calcareous hummocks, when ex- 
amined, convince the geologist that they have been thrown into their present 
outline, by heat^and gaseous vapours which formerly struggled for expansion ; since 
not only are nearly all traces of bedding obliterated, but the rock is rendered 
highly fetid and sub-saccharoid, and breaks for the most part upon the slightest 
application of the hammer. Wc believe that, in this case, the metamorphic action 
has been exactly of that degree of intensity, which in rendering the limestone as 
pulverulent as sugar, has left the fossilized organic remains comparatively so un- 
injured, that they easily drop out from the ambient matter. 

On referring to tlie Third Part of this work it will be seen, to how great an ex- 
tent our palaeozoic collection of the Ural has been enriched from this locality, 
which afforded us not only some new forms, but also many of the most charac- 
teristic species of the earboniferous limestone of the Valdai hills, Belgium, France 
and thd' British Isles. Among these we may specially enumerate — 

'I'erebratnla sacciilus (var. hastaia) (Sow.), T, pugnvs (Sow.), 7\ pleurodon, T.rhomboidm (Phill.), T,fu9%- 
formia (nob.), Spirifvr slriatus (Sow,), Si. glahor (Sow.), S, crassus (De Kon.), Orthis Michclini (Ter. 
Lev.), Productus f ’aldaicus (nob,), or /'. strialus (Fisch.), P. Martini (Sow.), P, sernireticulatus {an- 
tiqunius), P. Scotirus (Sow.), P. pmictatns (Sow.), P . fimhrmtus (Sow.), Cardium Uralicutn (nob.), 
yirca aryuta (Phill.), A. Lacordairiana (DcKon.), Cyprirardia rhombea (Phill.), Edmondiu Vnioniformia 
{Jsocnrdia, Phill.), Cardiomorplia sulcata (Dc Kon.), Pecten ellipticus (Phill.), Pleurotomaria striata 
• (Sow.), P. Ytmnii (Trochvs, Lev.), Buccinum ahutum (Sow.), Euomphalus csqualis {Plannrhis, Sow.), 

E. tahulatus, BcUvrophon hiulcits (Mart.), B. docussaius (Flem.), Nautilus hicarinatua (De Kon.), N. 
cycliisfomus (Phill.), N. clMlnrius (Sow.), N. Tcheffkini (nob.), Cyrtoceratiies novem-angulatus (nob.), 
Ort hocpr at it es calamus (De Kon.), Goniafitos diadema (Goldf.), G. ryclolohus (Phill.), G, Barbottanus 
(nob.), G. Marianus (nob.), Asaphus gemmilifcrus (Phill.). 

Even in this convulsed region, we fancied we could distinguish the portion of these 
limestones which was the oldest, from that which succeeded it ; for near the junc- 
tion with the bedded schaalstein, evidently of high antiquity, we found at the point 
marked p in the preceding woodcut, the large form of Productus Valdaicus or P. 
striatus (Fisch.), which, as before shown, characterizes the lowest band of the for- 
mation in Russia ; whilst at the point q we collected many Goniatites and other 
species which pertain to higher members. 
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Those alone who have the same respect for a true characteristic fossil as our- 
selves, can imagine the feelings of delight with which we here found congregated 
in one natural Siberian storehouse, so great a number of shells, some of which we 
could not distinguish from well-known forms of the mountain limestone of York- 
shire, Westmoreland and Derbyshire, nor others from 8j)ecies which are abundant 
in the same formation in Belgium and France ! — a striking proof, surely* of the 
wide range of similar influences and conditions under which the creatures of the 
palaeozoic aera were brought into existence. 

The fossils of Cossatchi-datchi must, therefore, he considered as geological medals 
of high price, in a country throughout which their traces are so much eflac cd'. 
Witliout this discovery, we could scarcely have ventured to affirm, that many 
other adjacent masses of crystalline limestone, immersed among the granites and 
trappiean rocks of these mountains, belonged to similar or conterminous deposits. 
We shall presently see, that strata of like age are prolonged far to the south in the 
steppes of the Kirghis, where they are still more enveloped 1^^ granitic and other 
igneous rocks. 

Eastern Region between the Ural and Troitsk , — In receding further from the Ural 
chain to the smith of Minsk, and in the parallel of Cossatchi-datchi, the traveller 
who quits the trappa*an hills which surniund the last-mtmtioned calcareotis tract, 
finds himself in a low undulating country conquised of granite, which ]>ari.ially 
covered by black earth, rises to the surface in numerous knolls, and is well-ex- 
posed on the banks of the Ui, near the small town of Uvclsk. This granite, whitdi 
is large-grained and of a reddish tint, constitutes, in truth, a granitic steppe per- 
fectly destitute of wood, over which we travelled towards Troitsk. The lithological 
character of the subsoil of this steppe, for a considerable breadth, is only diversilied 
by patches of white gianular marble or limestone, which, though much altered, 
still exhibits a flaglike structure, and a strike from north-north-west to south -south- 
east, to which, indeed, the contiguous ridges of granite also conform. This dirijc- 
tion, though divergent from that of the chief adjacent chain, is only to he (cii- 
sidered as one of those local aberrations from the meridian strike which 0 (!cur at 
intervals on both flanks of the Ural. At two or three versts to the south-east of 
a village called Kossobrodskaya, a low narrow ridge of regularly bedded, sandy 

* We owe great obligations to M. Barbot de Morni, tbe Director of the gold works at Cossatelii- 
datchi, who supplied us with many of our best fossils, and entertained us with the real kiuducss of all 
the Uralian settlers. The Goniaiiles Barbottanus (supra} is named after him. 
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sch^sts^ having in parts a “schaalstein” aspect, strikes nearly north and south, the 
beds of which are either vertical or plunge 75° and 80° to the east. These schists 
are, in parts, almost a hornstone, occasionally contain small, flattened quartzose 
concretions, and are again flanked by an intrusive rock which we noted on the spot 
as being hornblendic granite or syenite'. 

At (Jssipovskaya, where we joined the high road from Verch-Uralsk to Troitsk, 
the banks of the Ui are composed of a greenstone, which cuts irregularly through 
schistose grauwacke, having nearly a north and south strike. Nearly destitute of 
all vegetation, except the Artemisia or wormwood (the roots and leaves of which 
during the hot summer of 1841 were covered with locusts), the tract extending to 
Troitsk offers very little interest either to the geologist or botanist, the bare and 
wild steppes on the opposite bank of the Ui being alone varied by a few Kirghis 
huts. Masses of limestone do, however, occur to the west and east of Troitsk, in- 
which we sought in vain for traces of organic remains, though in the limestone near 
the town. Colonel Helmerscn collected fossils which are considered to be of pa- 
laeozoic age. By reference to the eastern end of the long transverse section, PI. IV., 
the reader may at once comprehend the general nature of all this thinly-peopled, 
sterile and parched-up ^region, from which we gladly escaped to revisit the green 
and gajf Ural*. 

' In reference to what appears in the text in this and the following page, as well as previously (p.395), 
concerning granite and syenite, we may observe, that the late Dr. MacCulloch was the first English 
author who drew a geological distinction between granitic and syenitic rocks. Granite (including, how- 
ever, a species of syenite) was, he contended, associated with the most ancient crystalline rocks, whilst 
syenite was subsequent to and often incumbent on what he termed secondary rocks (Geol. Trans. Old 
Ser. vol.iii. p.337). More recent observations have, however, shown, that true granite has in various 
countries cut through palaeozoic and even secondary or mesozoic deposits, and thus no geological distinc- 
tion, marking epochs of eruption, can be established between that rock and syenite. They are, in truth, 
mineral varieties of intrusive masses which geologists must recognise as intimately connected in their 
operations. 

* Standing out as the advanced post of Russia in this parallel, Troitsk, though having a population of 
5000 only, is a town of considerable importance, through the barter and commerce which is there carried 
on between Russia and the Asiatic countries of the Kirghis, Bokhara, &c. The large Menovoi-dwor, 
or Exchange, stands on the southern or Kirghis side of the river Ui and opposite the town. Four to five 
hundred Bokharians, a few Persians, and not less than 20,000 Kirghis are said to frequent it annually 
with their various goods. The Bokharians exchange their strong silk- cotton goods for copper, iron, hard- 
ware and money, whilst the Kirghis buy cotton, cloth, &c. Russian goods to the value of three millions 
of rubles are here sold to people who traverse deserts, ipd it was noted as a remarkable feature in their 
commerce, that this was the first year (1841) in which no caravan had been attacked or pillaged in its 
passage through the steppes. 
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Regaining the same parallels of granitic and schistose rocks, with limestone, 
which we had before traversed, we thence passed over granitic zones on our route 
to Verch-Uralsk (see Map, PL VII. and Section, PI. IV.). One of these, lying 
to the east of Stepnaya, rises into several cheese-shaped knolls, not unlike the 
Cornish tors, and on examination this rock jiroved also to have a laminated struc- 
ture, somewhat resembling other granites before described. This rock is succeeded 
on the west by micaceous schists, having a north and south strike. To the west 
of Stepnaya points of greenstone appear ; and near the station of Kidysh, slaty, 
grey limestones, evidently palaeozoic, and probahiy either of Devonian or carboni- 
ferous age (for they are quite on the strike of Cossatchi-datchi), having also a north 
and south direction, are included between the greenstone on the east, and a second 
ridge of granite on the west. Schistose and talcose strata, with courses of “ schaal- 
stein ” and bands of white quartz follow, and the whole of this stratified series is 
flanked on the west by a still more iinjyortant ridge of intrusive rocks, which 
having a syenitic character in one part becomes a true graaitc on the west, as 
seen at the station of Karagaisk. 

This lateral excursion into Siberia, like that of the issetz (j). 3G1), was made in 
order to ascertain, if these lower eastern regions differed ipaterially from the Ural 
Mountains. We came back convinced, that to whatever extent the intruding rocks 
maybe lithologically distinguished from those in the crest of the chain, the original 
fundamental rocks of this part of Siberia arc members of the same palajozoic scries 
as those of the Ural ; the essential difference consisting in the more profuse de- 
velopment of granite in the lower than in the higher region. In a word, each of 
the narrow granitoid or trappa*.an ridges of the Siberian or Kirghis steppes, is hut 
a miniature representation of the Ural, to which range they nearly all preserve a 
parallelism, accommodating their direction to each variation of its line of bearing. 
Though deprived of organic evidences for wide distances (and how are they to l)e 
found in a rapid journey ?), their occurrence at Troitsk on the one hand, and at 
Cossatchi-datchi on the other, in strata which at both places an; associated on to 
similar metamorphic and ititrusive rocks, affords a clear demonstration, that how- 
ever we are incapable of dividing it into systems, the original subsoil of all these 
regions belongs to the palajozoic aera. 

This view is corroborated by the sketch wdiich is given by Colonel Ilelmersen 
and his associate Captain Tchaikovsky, of the structure of the region to the south 
of that which has been just alluded to. Beyond Stepnaya, the granite, which may 
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be considered an extension of that of the Ilmen Hills, is prolonged into the low 
cham, which under the names of Djahyk Karagai and Kara-Edir-tau, runs parallel 
to the Ural, and constitutes a well-marked watershed between the affluents of the 
river Tobol and those of the Ural. It is the same embranchment which, still 
further to the south, is confluent with the southern extremities of the axis of the 
Ural Mountains. In this eastern parallel, rocks similar to those in the adjacent 
and higher Ural (chlorite and talc schist, quartz rock, clay-slate and limestone, 
with hornstonc, jasper, dolomite, &c.) succeed on either flank of the chief axis of 
eruption. Again, as in the Ural, encrinites have been traced in the intercalated 
limestone, which Colonel Helmersen is even disposed to consider of the carboniferous 
age. We have attempted to lay down the features of these wild tracts of the Kirghis 
in a general manner upon our Map, and will now merely say, that according to 
Captain Tchaikovsky, the granite, as at Ekaterinburg, is the youngest of all the 
eruptive rocks, dj’kes of it having been found to traverse greenstone, which, to- 
gether with greenstone porphyry, serpentine, &c., are repeated over and over amidst 
countless bands, which we can only consider as metamorphosed palieozoic strata'. 

Eastern Flank of the South Ural between Verch- Uralsk on the north and Orsk upon 
the south. — Before we (^escribe the other transverse sections Jicross the South Ural, 
we beg to offer a very brief description of the geological features of its eastern flank 
between Vereh-Uralsk and Orsk, i.e. along tlie course of the river Ural, or what is 
called the Old Line of the Cossacks. Of Verch-Uralsk, as the point which con- 
nects the Uralian and Siberian regions (see PI. IV.), w'e shall have again to speak, 
when detailing the great transverse section from thence to Sterlitaniak. Covered 
with black earth and morass, no rock is visible near Verch-Uralsk, and it is only 
on* advancing from thence to Spaskaya, that round-backed stony bills set in. In 
one of these, grey subcrystalliiie limestone appears, which is penetrated by green- 
stone and porphyry, and near the upper part of that village, a thick-bedded lime- 
stone dips 18° to the south-west*. 

The dominant eruptive rock in this tract is a red felspathic porphyry, the 

* Reise nach dem Urol, und dem Kirgisen Steppe, p. 21 7 p/ seq, 'Fhe road along the new Russian fron- 
tier, or the new line of the Cossacks, which passes direct from Orsk to Troitsk, embraces nearly all this 
steppe region, and traverses the watershed in question a few stations to the north* east of Orsk (see 
Map,Pl.VL, in which we have inserted the chief features noticed by Colonel Helmersen). 

* We found a chambered shell in this rock very much resembling an Ammonite, but unfortunately it 
^ has been lost. Whatever this shell may have been, we could not when on the spot dissociate the rock 

wdiich contained it from the encrinite limestone. 
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prevalent variety of which is of a reddish colour, with large white crystals of Jel- 
spar, and a little quartz. Another variety, occasionally columnar, like some of the 
porphyries of the Isle of Arran, has a dark grey compact base, with crystals of light 
colour ; and a third has a light grey base, with crystals of pink felspar. As in 
many other parts of the world, where such bosses and ribs of porphyry are flanked 
by schists, the latter at the points of contact are in a jaspideous condition. A 
little to the north-east of the station of Magnitnaya, and on the opposite bank of 
the river Ural, the chain is subtended by a parallel ridge containing magnetic iron 
ore, and called theUla Utasse-tan, which is also associated with porphyry'. This 
is the last hill of magnetic iron which accompanies the chain in its southward 
extension, and by reference to the Map it will be seen, that this rock, at least in 
mountain masses, is invariably peculiar to the Asiatic side of the axis, and is, 
wherever it exists, associated with porphyritic eruj)tion8. At Yangelskaya, por- 
phyry appears in the streets of the village, and we met with no rocks of palan)zoic 
age, till we were half-way between the station of Syrtinskaya find the fortress of 
Kizilsk. 

The carboniferous limestone of greyish colour is there considerably expanded, 
and seems to fold over subjacent masses of porphyry. In It we found Producius 
Valdaiais, and two other smaller species, with Pectens, chorals and Encrinites. 
This limestone is exposed on both banks of the Ural at Kizilsk, where it has a 
well-determined strike from north-north-west to south-south-east, and dips 40° to 
the west-south-west. Some of the underlying beds had a hard magnesian character, 
and a cone of porphyry protrudes on the left bank of the stream. 

A few versts to the south of Kizilsk the eruj)tive rocks have somewhat of ^a 
basaltic character, but M. Hose has shown that they are in truth augitic porphyry, 
accompanied by amygdaloid, with chalcedony and calc spar. Again, at Gruz- 
nushinsk, and thence to lleiezofsk, the whole country is usurped by porphyry or 
greenstone porphyry, which occupies cliffs from sixty to eighty feet on the banks 
of the river. This is a tract of very fine herbage, and much resembles in asjxict 
the richest grassy countries of the Scottish border, like which it is well-watered 
and pastoral. To the south of Urtazimsk the carboniferous limestone recurs in 

' For a detailed account of the crystalline rock.s along this old line of tiie flo.u.sack forts, the reader 
must consult the work of MM. Hofmann and Helmcrsen (Geog. Unter.suchurig des Sad t/ral (icb. 1831). 
On the west side of the line, or nearer to the Ural chain, the schists are converted into jasper, numerous 
bands of which we traversed in two other sections. See PI. III. fig- stid PI. IV. (Veri’h-Uralsk.) 

3 M 
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strong ledges, which containing Encrinites and Cidaiis, and having the same north- 
north-west strike, dip still more sharply towards the chain or west-south-west. 
Hereabouts, and at Orlofskaya', the porphyries are occasionally black and slaty, 
with acicular crystals of felspar ; the red porphyry has a coarsely granular base, 
and greenstone porphyry is not uncommon. Towards Orsk, the country gradu- 
ally loVering into a steppe, the limestone is no longer visible, but wherever the 
porphyritic or other igneous rocks do not prevail, the intermediate spaces are 
occupied by dark grey coarse grits and conglomerates which have the same strike 
and high inclination as the limestone, and, together with the interjacent ridges of 
porphyry, proceed excentrically from the Ural chain, striking from north-north-west 
to south-south-east (see Map). We believe that these grits, sandstones and con- 
glomerates form the upper member of the carboniferous group, an inference which 
is sustained by the section from Orsk to Orenburg. In approaching the axis 
(as between Burmaya and Orsk), these grits have more of the true meridian strike 
than when examined further from the chain. 

TVansverse Section of the South Ural from Orsk towards Orenburg (PI. III. fig. 3). 
— Orsk has doubtless been fixed upon as the Russian advanced post towards the 
steppes of the Kirghis^ on account of the insulated hill called Preobrajenski-gora, 
which vises up in the low country on the right bank of the Or, at its confluence 
with the river Ural. This hill, on which the church stands, is chiefly composed 
of an eruptive rock, which M. Rose describes as greenstone porphyry. 

Hofmann, Helmcrsen and Rose have described various quarries of ribboned 
and other jaspers, both to the north of the citadel, and also eastwards of it in the 
river Or, and in all cases they are directly in contact with greenstone porphyry. 
In the Preobrajenski-gora, the schists through which the intrusive rock rises, are 
highly altered and jaspidified at and near the contact, but at a certain distance 
from it they are nothing more than hardened grauwacke. We are entirely of the 
same opinion as M. Rose, tliat the jaspers are simply altered schists : we further 
believe that they are of the carboniferous, or certainly not older than the upper- 
most Devonian age, because they are succeeded on both flanks by carboniferous 
limestone, shale and conglomerate. All the jaspideous bands near Orsk have, in 

^ Once for all it may be stated, that certain places in Russia are occasionally cited by us in the text 
with the termination aya, some of which on reference to the Map are inserted without it. This termination 
ought not, rigidly speaking, to be employed in a foreign language, for it is only employed by the Russians 
in an adjective sense to signify the post, station, forge, &c. of the place in question. 
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fact, precisely the same strike (north-north-west to south-south-east) as the adjaijent 
carboniferous deposits which we have described along the north and south course 
of the river Ural, whilst to the west they are separated from other carboniferous 
rocks by a great central band of eruption which occupies the Guberlinski Hills'. 

Quberlinski Hills (PI. III. fig. 3). — Escorted by mounted Bashkirs, armed with 
bows and arrows* (for we were now on the extreme frontier of the wild Kirghis), 
we quitted the low and arid tract around Orsk, and passed among some hillocks 
of a conglomerate, partly calcareous. As these masses are horizontally bedded, we 
conceive that they can have no connection with the highly inclined carboniferous 
conglomerates and jaspidified schists. Reaching the station of Khabarnoi, we 
ascended the Guberlinski Hills, composed essentially of plutonic rocks, having 
chiefly the character of greenstone, serpentine, &c. ; these hills, which from their 
low altitude are only considered a plateau by Helmersen*'*, arc of the highqgt in- 
terest to the geologist in determining the true meridian direction of the mineral 
axis of the Ural. When viewed ujion their summit over whicfi the road jiasses, 
they are seen to be made up of a series of rajiid, hare and stony undulations, 
resembling an agitated sea, scarcely any one wave of which rises higher than 
another, as represented in this woodcut. 


Cl. 



* M. Rose gives a valuable detailed account of one of the broken prolongation.s of the irendyk, which 
here terminating near the river Ural, is separated by a valley from the Guberlinski Hills, (rreenstone 
and hypersthene rock abound in it, and he offers a diagram, showing how the latter rock has overflowed 
the schists, which in contact with it are jaspers, and a little removed from it contain Kiesel-Hchiefcr. 
(Reise nach dem Ural, 2Th. p. 19‘2.) 

* See a sketch of one of our escort, opposite p. 444, w'hcre the Bashkir soldier is contrasted with 
Russian peasant. 

® 965 English feet above Orenburg. • 
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looking from these hills due southwards, across the broajd transversal valley, 
in which the river Ural here flows to the west, the geologist accustomed to moun- 
tain outlines, at once recognises, that the very same low conical forms are con- 
tinuous into the distant Kirghis elevations of Katen Edir-tau and Urkatch, which 
ranging southwards to the Mugodjar Hills and Mount Airuk, constitute the true 
mineral axis of the Ural. Again, if the same line be prolonged by hills of similar 
constitution to the south of Mount Airuk, which near the country of the Great 
Bursuk are in like manner flanked by altered rocks, limestones and grits as in the 
Russian Ural, and if this line be further prolonged along the major axis of the Aral 
Sea, we find another ridge of similar character to the north-east of Khivah, which 
thus seems to mark the extension of the enormously long meridian fissure in the 
earth’s surface, of which the Ural is the dominant feature. We have before indi- 
cated, that the eastern flanking ridge of the Kara Edir-tau of the steppes of the 
Kirghis, which we agree with Baron Humboldt and Colonel Helmersen in consider- 
ing a prolongation of the Ilmen Hills, bends inwards in its course southwards, and 
unites with the Mugodjar and Airuk ridge. Judging from their low altitude, pure 
geographers may look upon both the Kara Edir-tau and hills of Guberlinsk as 
mere plateaux, whilst* the geologist must view both these elevated lines as em- 
branchments of the same great fissure of eruption which unite in their prolonga- 
tion to the south. 

But without entering further into general considerations, let us now adhere to 
the description of the Guberlinski Hills. 

On their summit, and liot far from a guard-house, the undulating cones of green- 
6t;pne are diversified by the occurrence of large masses of pure white magnesite', 
which arranged both in laminated and concretionary forms, is associated with an 
earthy trap rock. In other parts the rocks having a serpentinous aspect, contain 
asbestos, and further on they change their character from greenstones to black 
diallage rocks. In advancing to their western slopes, the Guberlinski Hills beconie 
more ravined, and offer some wild and barren scenes, from whence the traveller 
looks down into the picturesque valley in which the village of Guberlinski is placed, 
the arid, brown rocks above forming a fine contrast to the grassy slopes beneath. 
The -accompanying vignette, taken from the gateway of the post-house in the vil- 


I Our comj^iiiba Lieutenant Kokaharof, whose correct eye for mineral distinction* we hay* oftea had 
opcaaion to remark, considered this magnesian substance to be “ Qurhoiian.’’ . 
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lage below, and looking upwards to the mountain, will convey a tolerably good idea 
of the scene. * 

From this spot, the road leading through the alluvial gravel of the valley in 
which the Ural flows, and only skirting the hilly tracts, we had no opportunity ol' 
examining the rocks for some little space ; but to the west of the station of Pod- 
gornoi, the road again leads over one of the southern spurs of the chaih. This 
ridge partly consists of igneous rocks, which throw off* patches of limestone and 
iron ore. These are followed by hills having a more rounded joutline, and con» 
sisting for the most part of strong ledges of grit and conglomerate, which highly 
inclined to the west, dip away, therefore, from the great axis of eruption, and 
overlie the shreds of dismembered limestone -which fringe the trappsean hills. The 
Podgornoi hills strike from nearly north-north-west to south-south-east, and the 
beds dip 65° west-south-west, thus showing that the Guberlinski Hills form the true 
axis of the chain, throwing oflF similar limestones, grits and conglomerates, both to 
the east and west. That these highly inclined conglomerates are truly carboni- 
ferous we had no doubt, for they contain plants of that age, as well as fragments 
of pre-existing limestones ; and we believe that, like the conglomerates of which 
we have before spoken, and which succeed to the carboniferous limestone on the 
other flank of the axis north-east of Orsk, they are all of the same epoch? To the 
west of Podgornoi the conglomerates and grits are repeated in masses of enormous 
thickness, and are associated with calcareous grit, and flaglike, grey granular lime- 
stone. The strike of these last-mentioned beds is north-north-west, and they dij) 
to the east-north-east, forming a trough with those to the east of Podgornoi. In 
comparing them with other deposits in the Ural, we can scarcely doubt that these 
last-mentioned strata belong to the group of calcareous psaminites and conglome- 
rates which we term the grits of Artinsk, and which have been shown to constitute 
the uppermost member of the Carboniferous system in these regions. 

Other calcareous grits and flagstones which aj)pear at Illienskaya and a few 
places in the low country, but which we did not see in silu, the surface being much 
covered up with gravel and clay, belong in all probability to the Permian system, 
and are, we doubt not, confluent with the great masses of that deposit, whicli, occu- 
pying all the low region around the city of Orenburg, are extended upon the flanks 
of the Mugodjar Hills, and ramify westwards for a considerable distance in the great 
depression watered by the Ural, along which we travelled. • 

In one parallel, the carboniferous limestone is thrown out in a great advanced 
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spur^^which advances to the river Ural, and is called from its shape Verbluya-gora 
or Camel Hill. This ridgy elevation (about 1000 feet above the sea) is, however, a 
mere southern counterfort of the carboniferous limestone which constitutes the 
Gurmaya (Bashkir) Hills, an extension, indeed, of the remarkable calcareous zone 
which will be mentioned in the next page (see Map). 

At VeVchni Ozernaia, and in all the tract extending from thence to the Gur- 
maya Hills, the substrata of gypsum, limestone and sandstone, grit, &c., are all 
unquestionably Permian; but whether similar rocks occupy the whole of the 
broad depression in which the Ural flows, and extend continuously eastwards to 
Orsk, can only be decided by an accurate and detailed survey. One fact which 
seems established by this traverse across the south end of the Ural is, that no 
palaeozoic rocks of higher antiquity than the carboniferous are exposed in this 
parallel, or in the transverse valley of the Ural (see Map). 

We shall now appeal to sections further to the north, which explain the full de- 
velopment of the South Ural where it rises into mountainous masses. 

Oblique Section from the hills north-east of Orenburg across the plateau of Preo- 
brajensk, and thence over the Trendy k ridge (PI. III. figs. 4 and 5). — Although 
we have already described the red Permian strata in the low region adjacent 
to the hHly country under review (p. 147), we take this opportunity of endea- 
vouring to convey to others the impression produced upon ourselves, when on 
quitting the edges of the mountains, we journeyed along the flat and boundless 
steppe towards Orenburg. By looking at the opposite sketch the reader may 
picture to himself our sensations in an intensely sultry day, when, driving across 
the plain, the distant spires of the city first broke upon our sight. Emerging, on 
the contrary, from this parched-up flat expanse, how refreshing was the sight of 
the verdant limestone hills, in the midst of which we passed some delightful days 
at the Katchufka, or summer residence of our distinguished friend General Pe- 
rowski, then Governor-General of this province ! The second lithograph represents 
the view of the Gurmaya Hills before alluded to, and which form, in fact, the 
southern tmninatioR of the calcareous chain in this parallel. 

Proceeding from the hospitable retreat of the Katchufka, the dense shade of 
whose ev^green oaks was doubly agreeable to us, after having been scorched in 
the saliferous plains of llletzkaya Zastchita (p. 184 etseq.), we now beg our readers 
to accompany us over the l^uth Ural in two transverse sections across a little fre- 
quented portion of the chai% which we were enabled to make through the kindness# 
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then we could discern, that low as thw plateau is, in reference to the Irendyk 
ridge which we were'i^^proaching, it might be considered the mineral axis, if really 
composed, as we believe it to be, of the oldest rocks in this part of the chain. 

The Irendyk (continuation of PI. III. fig. 5.). — From the dull and spiritless pla- 
teau of Preobrajensk, composed of its grauwacke schists and grits, some of which, 
however, where not metamorphosed, have a good deal the aspect of the Silurian 
sandstone of England, we ascended steep and verdant slopes to the peaks of the 
Irendyk, which, in this parallel, constitutes the geographical axis of the South Ural, 
and separates the waters which flow eastwards into the river Ural, from those which 
run westwards into the Sakraara and Bielaya. This ridge is essentially eruptive, 
and its external forms are highly picturesque. It is made up of felspathic rocks 
which pass into greenstone, slaty porphyry and porphyritic breccia, and rise to 
above 3000* feet above the sea. We spent a night amid these peaks in the tents 
of the Bashkir chief Mohammed John*, who was encamped here for the summer 
pastures of his herds of mares and flocks of sheep, and offer a sketch of the scene 
which presented itself at day-break in this wild and richly-wooded mountain recess. 
On ascending to the summits, the chief of which at this point is called Katlantchik, 
we found them to consist of stratified compact felspar rock* or eurite, which is in 
parts porphyritic, the whole having an appearance of bedding, the strata being 
either vertical or dipping 70° to east-south-east. A little lower on the eastern 
slope, the rocks are either granular felspathic trap, or greenstone porphyritic 
greenstone and grey porphyry, with pink felspar crystals ; in a word, the same 
group of eruptive rocks which we had met with in the adjacent valley of the Ural 
river, distant from the Irendyk about fifty versts. 

The most remarkable feature on this slope of the mountain ridge, is the infinite 
number of alternations or parallel bands of igneous rocks (porphyries) with jaspers 
and flinty schists, the former most frequently occupying low parallel ridges, the 
latter the interjacent depressions. During the brief moments at our disposal, we 
looked in vain for organic remains in these highly altered masses ; still, when fol- 

' Helmersen nukea the culminating crest of this ridge 2942 French or 3135 Englinh feet. 

* Our host, Mohammed John, who appears in the foreground of the oj)po»itc sketcli. was a fine spe- 
cimen of a lusty Bashkir, with a capacious stomach well filled with Kumiss, or mares’ milk. In his tent 
(where we slept upon fresh-cliopped fir-leaves) we were refreshed with excellent tea, whilst surrounded 
by numerous blade filled with Kumiss, and ornamented chests, from which one of his wives un- 
packed his beet rro^iy. In the annexed sketch of this camp, one Russian peasant is introduced os a 
contrast. The porUy officer is a Russianized Bashkir. 

•3 N 
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low^ed on their strike, these are the very same strata which rise out from beneath 
and are associated with the carboniferous limestone in the valley of the Ural river. 
Some of these schists which have been converted into jaspers are therefore clearly 
of carboniferous, and others may be of Devonian age ; for the Silurian formations 
are all, we apprehend, represented by the rocks on the west side or near the axis 
of the*Irendyk. The section which we have thus briefly described, traversing the 
river Kizilsk, terminates on the east at Yangelskaya on the river Ural ; and having 
thus brought back our readers to a valley to which we had previously introduced 
them, we will now explain to them our last traverse of the chain. 

Transverse Section of the central and most expanded region of the South Ural, from 
Verch-Uralsk to Sterlitamak (Coloured Section, PI. IV.). — This section is most 
important in re-assuring us, that large masses of rock in the very heart of the Ural 
chain are really palaeozoic, — a point which the preceding traverse does little to 
establish. It is also of high interest, from passing directly over the numerous south- 
western embrancliiiients into which the chain ramifies in this parallel, which may 
thus be contrasted with its south-eastern limbs which we have been considering. In 
a word, our coloured section is so laid down as to carry the reader from Troitsk in 
the steppes of the Kirgiiis on the east, by Verch-Uralsk to Sterlitamak, and thence 
into tht great flanking plateaux of Permian rock upon the west. The country on 
both flanks of the chain, properly so called, i. e. between Troitsk and Verch-Uralsk 
on the east, and in the region beyond Sterlitamak on the west, having already been 
described, pp. 438 et seq. and 150 et seq„ the section of the mountainous or cen- 
tral portion only will be now developed. 

^Although porphyries and carboniferous limestone are seen to the south and gra- 
nitic rocks to the north-east of Verch-Uralsk, the substrata immediately around 
the town are obscured by black earth and alluvia, which extend for some miles to 
the low elevations on the flank of the chain, a few beds of fractured schist appear- 
ing only at intervals. The first counterforts consist of bare, low bosses of porphyry 
and trap- breccia, which throw off and include between them, red jaspideous schists, 
dipping sharply to the east. A valley occupied by black earth succeeds, from which 
rises a second ridge, called the Beresoiva-gora or Birch-tree Hill, with jaspers or 
altered strata on its flanks. This mass consists, in the centre, of a greenish augite 
porphyry, with amygdaloids on its sides, which to the west are flanked by a wall of 
saccharoid limestone, having a strike of north and south (10° to 15° east of north). 
A third and lesser ridge, called the Cherry Hill, is made up of porphyritic greenstone 
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and felspar rock on its eastern side, and of slaty stratified porphyry on its highest 
points, dipping sharply to the east. * 

Though here of much less altitude than in the Irendyk, it is thus evident, that 
these low hills, which are on the direct continuation of that ridge, are composed 
of precisely similar intrusive rocks and of stratified masses, having on the whole 
the same inclination and strike (see Map, PI. VII.). A narrow valley "is then 
passed, which covered by black earth on the surface, is occupied beneath by a 
coarse and slightly auriferous ancient alluvia, which is watered by the small river 
Mindak, whence the ascent of the chief central ridge commences'. The eastern 
spur of this ridge, called Muchty, exposes serpentine, followed by schists with 
quartzose veins, doubtless those from whence the gold alluvia in the adjacent valley 
have been derived ; and after passing several bosses of felspathic and trappsean 
rocks with talcose schists having sahibands of serpentine, the summit is found to 
be composed of talcose, quartzose and micaceous schists, with veins of quartz, &c. 
In an adjacent depression, called Bursuk, the schists arc black, with large massc-i 
of quartz, both in veins and concretions, the schist itself containing carburet of 
iron. These talcose and schistose rocks, rolling over in great flexures in which 
the easterly dip is most prevalent, rise u]) into the chief fountain (Gara-tash®), 
composed in great part of glossy fractured quartz rock, around the base •f which 
the road meanders. These quartzose masses, in parts chloritic, in parts micaceous, 
and having on the whole a greenish tint, have so much the aspect of primary rocks 
that some portions of them have been described by Colonel Helmersen as gneiss. 
They roll over (though the dip is mostly to the east) and also occupy the western 
slopes of the mountain which descend by Uzuk-tash towards the Zavod of Bielo- 
rietz. 

To the east of this Zavod, and also on the banks of the river near the works. 


* The northern prolongation of the Irendyk is here separated by this depression of the Minduk or 
Mindiok from the heights of Gara>tash, which are the direct southern extension of the ridge, to whieli in 
the central and northern mountain^ of the chain the name of Ural-tau is confined. Seeing that tliis latter 
ridge (Gara-tash, dec.) subsides gradually in its range to the south and is lost in the elevated jilateau of 
the Sakmara, we consider that from this parallel of latitude the Irendyk laurig the watershed, must be 
viewed as the true southern liinl) of the IJral-tau. Notwithstanding, therefore, tlie sef)Rration of the 
ridges by the narrow valley of the Mindak, they are here so nearly confluent, that the Miiehty Hill which 
we are describing may be looked upon as a connecting link betw'cen them, if the geographer wishes to 
follow the most continuous line of heights which separates the w'aters flowing to the cost and west. 

* The summit of Gara-tash is 2370 French feet, or upwards of 2500 English feet above the sea, 

3n 2 
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strong bands of limestone, for the most part saccharoidal and of white colours, 
appear, and these also have a decided eastern dip (10° north of east) at angles of 
45°, as if they passed beneath the whole mass of the chloritic and quartzose rocks. 
Towards the mountain this limestone is white, crystalline and slaty : at the Zavod, 
somewhat removed from it, the rock is hluish-grey ; and a little to the west, or still 
further^from the axis, a similar limestone is found fairly encased between schists 
which are highly micaceous, though less crystalline than in the mountains on the 
east. These beds, having the dominant strike of this portion of the chain, or from 

c 

south and hy west to north and hy east, pass into thick masses of slaty grey lime- 
stone, which, far removed from any intrusive rock, exhibit a sufficient quantity of 
organic remains to leave little doubt as to their being of true Silurian age. Among 
the corals were Favosites Gothlandica and Stromatopora concentrica, whilst the chief 
mollusks were two small Terebratulae, one of which we cannot well distinguish from 
the T. plicatella of Gothland, and the other approaches near to a form which occurs 
with the Pentameri.at Bogoslofsk and on the Is (see pp. 394, 396). 

Judging from their inclination, it would seem that all these limestones, the whole 
of which have an easterly dip, must pass under the metamorphic crystalline rocks 
of Gara-tash. We have, however, repeatedly shown in the preceding pages, that in 
similar iiighly dislocated and altered masses of other parts of the chain, it is futile 
to endeavour to read off the order of the strata by superposition ; for to the west 
of Zlatahst and elsewhere, as well as in this tract, the masses are often unques- 
tionably inverted, the younger beds dipping under the more ancient. Seeing, how- 
ever, that in the parallel of Verch-Uralsk, and wherever the igneous rocks are less 
rife, the carboniferous limestone on the eastern flank of the chain prevails, and that 
as soon as we recede westwards from the great centre of disturbance and metamor- 
phism we meet with Silurian remains, we think that, by fair analogy, the included 
masses may be considered to have been originally grauwacke schists, grits, &c., 
which, like those on the banks of the Serebrianka and other localities, are inter- 
polated between the Silurian rocks properly so called, and the carboniferous lime- 
stones. In advancing to the west across the Nura, Yanick, and other rivers, 
which descending from the slopes of the Yamantau, Bakty and the prolongations 
of the lofty Iremel' fall into the Bielaya, we passed over several low elevatiohs 

• The want of time prevented our deviating from the route to ascend the Iremel, or even its southern 
spurs Bakty and Yamantau. We felt, however, the less reluctance to continue our route, because these 
mountains had been described by Colonel Helmersen, and M. Khanikoff had recently explained to us, that 



SILURIAN FOSSILS IN THE HEART OF THE CHAIN. 


457 


of limestone, calcareous grit and flagstone, in which we detected a few corals 
Further west and in the parallel of the Kraka Hills, which lay to the south of our 
route, the limestone, black and slaty on fracture and associated with black schists, 
was found, at a little hamlet called Katchu-kova, to contain various characteristic 
Silurian types, such as Pentamerus Vogulicus, probably the same variety which 
occurs at Crasnoi Glasnova (p. 364), Murchisonui, apparently the same species as 
on the Is and at Nijny Tagilsk, with ill-preserved Terebratula^ Turbo, Encri- 
nites, &c. 

Again, if any misgivings had arisen concerning our inferences derived from 
previous sections, that the whole or nearly the whole of this chain had once been 
formed of palaeozoic strata which had subsequently been altered by metamorphism 
and eruption, they were at once dispelled by the evidences which here presented 
themselves. To the west of the hlack Pentamerus limestone and schist, we met 
with stony masses of quartz rock (altered sandstone), in which we detected casts 
of Bellerophons and Encrinites, which gave to the strata very wuch the appearance 
of the shelly Caradoc sandstone of the British Isles ; whilst in a very short distance, 
this same purple and grey quartz rock passed into chloritic, tahtose and micaceous 
slates, having the primary aspect of some of the masses of the Gara-tash mountain 
(see PI. IV.). In a country devoid of quarries and with few abru])t ravines, we 
could not pretend to put these various strata into geometrical order. It was 
enough for our purpose to find, that standing us we here did in the very centre of 
the South Ural, we were surrounded by Silurian fossils, and that the strata in 
which they were imbedded graduated on cither side into crystalline and metanior- 
phic overlying masses. The rocks in which wc had found these remains are, in 
fact, the less elevated and less altered portions only of dejiosits, which in their ex- 
tension to the north or north-north-cast rise into the culminating peaks of Yaman- 
tau, Bakty, Irernel, and Taganai, &c. Nor could we cast our eyes to the south, 
over the rugged and lofty Kraka Hills extending to the south and by west, and 
consider how when prolonged they terminate in the plateau of Kanikolsk and 
Preobrajensk which wc had previously traversed, without being impressed with 

the Iremcl itself was comj)osed of sliattcred quartz rock, in short anotlicr 'J’ngiuiai. In the A|i|)cndix is 
given a list of the heights of the South Ural and adjacent landK us jm'j)ured l»y M. .1. Klmnikoff, whose 
admeasurements of the south-w'estern embranchments of the chain assign to several j)ointH u very consi- 
derable altitude : thus Jamautau or Vamantau is placed at .'>400 English feet (or 112/5 feet higher than the 
Irernel ! which has hitherto been ranked ns the highest point of the South Ural). Yunna 31 1C, ^ilmcrduk 
3137, Tutcha 3651, Kalu 2753, &c. 
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the belief, that the masses, which here afforded us true evidences of their age, were 

f 

probably the mere northern prolongations of those monotonous and subcrystalline 
rocks of the great plateau of the Sakmara, amid which we had detected no vestiges 
of them. 

These Silurian quartz rocks proceeding from the range of the Iremel seemed to 
fold ovdl* and form a sort of axis, and to the west they are followed by slates having 
the most marked slaty cleavage which we bad seen in the Ural chains The system 
of schists and black limestone is thence continued in undulations, one peak of quartz 
rock only, the Yuluch-gora, appearing on the banks of the Bielaya, just where that 
river turns to the south, and flows to the Zavod of Uziansk*, — a grand and pictu- 
resque position, with high calcareous hanks. 

Again, schists, quartzose bands and limestone are thrown about in undulations 
producing a lovely and rich country, extending from the Uziansk to the Zavod of 
A vziansk, but as in this space the road following the river Bielaya to the south, runs 
chiefly in the direction of the chain, we could not look for much variation. In 
approaching Avziansk, however, we again traversed to the west by a rocky defile, 
which clearly explains, how much the country is made up of repetitions of a great 
series of sedimentary rocks. On the eastern bank of the stream a large mass of 
thick-bedded limestone dips sharply to the east, whilst on the other, slaty lime- 
stones with calcareous schists, &c. plunge still more rapidly (70°) to the west. The 
limestones are overlaid by calcareous grits and schists, and the latter by flagstones, 
and grey, purple and whitish grits, with a basis of felspar ; in parts almost a quartz 
rock. These strata occupy a distinct basin of about a mile or more in breadth, from 
the western side of which limestones, containing concretions of silex, rise up with 
a rapid inclination to the east. Though we employed our hammers for some time, 
and traversed the sides and summits of this little basin on foot, we were to our 
great mortification unable to detect in it any fossils, yet, doubtless, such may 
be found by persons who have time at their command. Whilst they were un- 
questionably, from their mineral character, members of the palaeozoic series (for 
they had not a feature of crystalline or primarized rocks), we were unable, in the 


> These slates, the laminie of which marked by different colours are crossed by cleavage planes, occqt 
about four versts east of the floating bridge of Perevosnia. 

* This Zavod of Uziansk belongs to M. J.Demidoif, in the deep-coloured limestones of which we found 
the Favosites polymorpha and large Cyathophyllum, very nearly allied to the C, dianthus. These rocks 
piay, therefore, be either Devonian or Silurian. 



SECTION FROM VERCH-URALSK TO STERLITAMAK. 


459 


absence of fossils, to assign to these limestones of Avziansk' an exact place in our 
classification. Seeing, however, that they are succeeded on the west by scHists, 
red earth and quartzose sandstone which rise out from beneath them, we cannot 
consider them very low in the series, and they most probably pertain either to the 
Lower Devonian or Upper Silurian formations (see Coloured Section, PI. IV.). 

For some distance to the west of Avziansk, the road leads over highly untlulating 
hills, all of them being composed of quartzose grauwacke, schists and psammite, 
which as they dip easterly, under the trough just described, fold over to the west at 
Bretag, and Priutch Uisse, into the valley of the Nugush. When contrasted with 
the rich valley of the Bielaya, these mountains have a woodland and sterile aspect, 
and their highest summit, the Yurma-tau, is, according to M. J. KhanikolT, 31 Ki 
English feet above the sea. This, in fact, is the most westerly of the four dominant 
ridges of these western embranchments of the Central Ural, being succeeded on the 
west, first by the Kalii, 27.55 feet, afterwards by the Ala-tau, about 2000 feet high, 
and lastly by the Akri-tau, a somewdiat lower ridge, which forms the western flank 
of the whole chain®. On the whole, indeed, these ridges, constituting anticlinal 
domes, may be described as hard quartzose sandstones, having troughs of impure 
limestone between them, which latter rock in the depression watered by the Nu- 
gush, is of grey and blue colours, with numerous white veins, and not utdike the 
Devonian limestone of the North Ural. At the Bashkir station of Kulgbinu, which 
is on the western slope of Kalii, we observed very regularly stratified and wholly 
unaltered limestone, both red and grey, with shale, &c. dipping first slightly to the 
west, and afterwards rising to occupy a trough in a valley of some breadth : but 
here also we were unable to obtain fossils. On its western flank this basin is sue- 
ceeded by calcareous flags, passing downwards into quartzose sandstone ol yellow 

* We were most hospitably entertained at this Zavod of Petrof-Av/iansk, lietwecn whieh imd the 
western edge of the mountain uf Akri-tau, the country is very wild and entirely inhabited by Baslikir**. 

* We were benighted in j)aBsiuir along the slopes of the Kalii, and cannot therefore speak of its htriu - 
ture, though we believe it to be composed of (piartzoac grauwacke. The small horses of the Basltkirs are 
unequal to hea\"y labour, and eight of tlum (sometimes nine), with four ridtTs, were deemed eHscntial to 
conduct our tarnntass along this “ Cvmmerzi-travtV* Our “ attclagc ’* measured forty-five feet from the 
leading horse to the carriage ; — wdth such long cords do these wild peojile fasten on one little pair ot 
horses before the other ! 'I’he relays of horses, boys and men, were usually stationed in the glade at some 
ferry or natural boundary upon our route. We recur with delight to this very ineturenque region, whieh 
it would give us the greatest pleasure to revisit and work out in detail. Our survey of it was neces- 
sarily hurried ; for we were then pressing on, in order to reach the earhoniferous stejipes of the Donet/ 
before the close of the summer. 



460 


SECTION FROM VERCH-URALSK TO STERLITAMAK. 


and purple colours with schists and conglomerate, which latter rise up with an 
easterly dip and form the Ala-tau. From this ridge we descended into a broad 
depression on the west, occupied by shale, and covered with dense foliage, on the 
other side of which rises boldly the Akri-tau. Knowing that this was the last 
western ridge of the mountains, our anxiety increased as we approached it, to 
discovei*some organic remains, by which a key might be had to explain the age of 
the numerous undulations over which we had passed, from the Silurian axis of the 
chain. The shale of the valley to the west of the Ala-tau, forming a broad anti- 
clinal, bends over to the west and passes beneath the Akri-tau, thus exhibiting a 
valley of elevation. Near the little hamlet of Derikl^, towards the eastern end of 
this depression, we found the Favosites polymorpha, thus indicating that these cal- 
careous shales were either of the Upper Silurian or Devonian age. The lowest beds 
of Akri-tau on the west side of the valley, are grey psammites, inclined westwards 
at 32°, and the overlying mass of the mountain is made up of very striking ledges 
of dingy green and yellowish-brown, slightly micaceous sandstone, much resembling 
the Ludlow rocks of England, where they contain little calcareous matter, as on 
the banks of the Wye. This external resemblance is carried so far, that the sur- 
faces of the rocks are pften covered with the same purple film of iron ore so 
' common* near Ludlow% Towards the western slope of the Akri-tau these beds are 
surmounted by red, gritty, fine conglomerate, reddish hard quartzose, green spotted 
sandstone, with hard purple and grey rocks, the whole of which are really un- 
distinguishable from many examples of the Scottish Old Red Sandstone. Having 
before us such analogies in mineral succession, from Upper Silurian through Old 
Red Sandstone, little more was now wanting to complete the belief, that the rocks 
were really such, than to find them surmounted by the carboniferous limestone, 
and in this we were not disappointed. 

The strata which succeeded, and in perfect conformity, to the red sandstones, 
were dark-coloured limestones, with Productus striatus (Fisch.), P. Valdaicus, 
P. antiquatus (Sow.), Lithostrotion fioriforme, &c. These are followed by carbo- 
naceous grits, which are partially dislocated, and after a fault, the section terminates 
towards the plains of the Permian system, exposing a great thickness of white- 
veined limestones, of light and dark-grey colours, with courses of black flint, the 
whole charged with numerous true carboniferous fossils, including the well-known 
. Spirifer Mosquensis (Fisch.), Terebratula lamellosa {Spir. id. L^v.), and corals, &c. 
The fortunate discovery of these fossils, in the uppermost band of these mountains, 
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assured us, that the rocks immediately below them were truly of Devonian age, par- 
ticularly when coupled with the fact, that in the central ridges of the chain we had 
found true Silurian types. Other geologists who follow us, and who may have 
more time at their disposal, will, we feel confident, fill up the lacuna; in the proofs 
of succession, by collecting fossils in the interjacent calcareous zones, where, for 
want of time, we could not detect them. * 

The strike of the beds in the Akri-tau and adjacent ridges being from 10° east 
of north to 10° west of south, this geological direction is in perfect harmony 
with the geographical alinement of these sedimentary masses, which constitute the 
expanded flunks of the South-western Ural, and which are made up of a number 
of folds slightly divergent from the main ridge of eruptive matter, from which the 
further they recede, the more are they found to assume their ordinary sedimentary 
characters. 

The remainder of this important transverse section to the west, as expres*sed in 
PI. IV., shows, first, a trough of gypseous Permian rocks ; then the striking car- 
boniferous outlier of Tcheke-tau, close to the town of Stcrlitamak , replete with 
carboniferous fossils (see p, 130) ; and, lastly, an ascending order into the full de- 
velopment of the Permian strata, as exposed in the environs pf Bielebci, where they 
have been previously described, p. 151'. • 

Conclusion . — After the details in this and the preceding chapters, we now ask 
our readers to consider with us, for a moment, what have probably been the move- 
ments and mutations — what the original structure of these mountains. 

No geologist can have traversed the chain in the south-western parallel, which 
has just been described, and seen the ridges gradually open out with wider sweeps 
and broader valleys as they recede from the axis, without being led to think, that 


’ We had made ourselves thoroughly acquainted with all the details of the mountain limestone on the 
eastern flanks of the Ural near Sttjrlitiimak, including the outlier of Tchke-tau, before we viKited our hoH- 
pitable friend Major Wangenheim \()n (limlen at the Zavod of Troitsk, near IJielebei. Ah wc wert; Ujuh 
the first to establish along this frontier a clear base-line for the Permian depoHitH, and thuH to unravel 
their real age, at a time when others wen? wholly unacquainted with it, we were rather HurpriHcd to find 
that a year after we quitted the country, Major Wangenheim published a geological Hketch (VTrhandl. der 
Kaifl. llusa. Mincralog. Gesells. zu St. Petersburg, 184t3, p. 1), in whicli he announced thiM emergence of 
the carboniferous rocks as a discovery o^ his own. Our work has, indeed, been a long time in jjrejiaration, 
but the chapter which describes the Tcheke-tau, p. 130, as well as memoirH read to the Gecjlogical Society, 
were printed long before Major Wangenheim’s paper. He was, indeed, entirely ignorant of the relations 
in question when we visited him, and begged us to explain the succession of the strata. 
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an intense movement having been communicated to the central ridge, certain wave- 
like undulations to which the whole has been subjected, were necessarily most rapid 
towards that disturbing centre, and gradually died away as they receded from it. 
In short, the views which American geologists have so admirably worked out in 
the Apalachian chain' may, we think, be considered equally striking in the South- 
westef-n Ural, Thus, in the tract between Verch-Uralsk and Bieloretzk, highly 
metamorphosed, strata, with many intrusive rocks, are thrown about in rapid 
undulations, forming high mountains, steep slopes and deep valleys (see coloured 
section, PL IV.). Next we meet with Silurian strata rolling over in numerous 
folds, which expand into the wider troughs of Uziansk and Petrofsk. These un- 
dulations becoming wider, and the ridges decreasing in altitude as they recede from 
the axis, the whole series terminates on the west, in the broad trough between the 
Akri-tau and Tcheke-tau. Again, with this expansion and retrocession from the 
chief *axis, and with the diminution in altitude, the crystalline characters of the 
chain gradually disappear. The limestones part with their saccharoid and slaty 
aspect, the mica schists pass into micaceous flagstones, the quartz rocks into con- 
glomerates and psammites, and thus the observer is regularly conducted, with few if 
any discordant or unc9nformable junctions, from a crystalline nucleus into ordinary 
sedimoptary masses. Though partaking more of a general description than we 
could wish, such we feel confident is the true picture of this portion of the Ural. 

Interstratified as these palajozoic sediments have been, in other parallels, with 
large bands of igneous matter, which we believe to have been coeval with their 
accumulation, and afterwards cut through in many places by intrusive rocks which 
have altered their original character, and often highly mineralized them, it is im- 
jfl'acticable to draw a well-defined base-line for this greatly contorted, broken and 
often inverted series. In one spot only, have we detected true Lower Silurian 
shells : even the upper members of that system are, for the most part, mere detached 
masses of limestone, which, along the eastern flank of the chain, being pierced on 
all sides, and surrounded by eruptive rocks with much serpentine, constitute one 
of the chief auriferous zones, to which we shall presently advert. In several sec- 
tions on both flanks of the chain, we have, indeed, shown a succession through a 
large Devonian series to carboniferous limestones ; whilst in other places, as in the 
eastern steppes, the lower of these two formations is either covered up by eruptive 

' “ On the Physical Structure of the Apalachian Chain," by Professors W. B. and H. D. Rogers. 
(Trans. Assoc. Amer. Geol., 1840-42, p. 474.) 
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matter, or is so metamorphosed that the earliest traces of life which can be ob- 
served occur in the carboniferous strata. Accurately and rigidly to determine the 
boundaries and passages of such highly mineralized products, must be the result of 
long and minute geological labour. We have chiefly restricted our efforts to the 
development of the original constitution of the chain, and the enormous amount of 
metamorphism and disturbance which large portions of it have undergone. • 

One of the facts most worthy of the attention of geologists which have been ob- 
tained by researches in the Ural Mountains, is the very frequently inverted dip of 
the strata where they approach the axis ; the formations, which we know to be of 
younger age, being, as it were, succeeded in ascending order by those which were 
deposited before them. This phaenomenon, far from being peculiar, is, however, 
of frequent occurrence along the sides of other ridges, where masses of eruptive 
matter have been ejected in the contiguity of sedimentary deposits. We have 
before adverted to a similar phaenomenon upon the northern flank of the Basterii 
Alps', where the cretaceous and Jurassic deposits along a line qf great extent, are 
so inverted, as to dip under the crystalline and more ancient rocks, and a like 
order is well known to those who have examined the Alps of Savoy. In a former 
publication we accounted for the inversion of the Silurian strata on the western 
flank of the Malvern Hills, in the manner suggested many years ago by Mr. I^;onard 
Horner, by supposing that those strata were not only raised into a vertical position 
by the outburst of the contiguous syenite, but were also thereby thrown further 
over or backwards®. Such an explanation may, doubtless, suffice in cases analo- 
gous to the example of the Malvern Hills, where the same strata can be followeil 
from inverted to vertical, and therefrom to normal positions. In the much grander 
examples, however, of the Alps and the Ural Mountains, where long linear masses 
occur in such positions on several parallels and at considerable distances from the 
great axis of eruption, it would seem that an easier, if not more rational solution 
of the problem is offered by supposing, that the emission of as nmch molten matter 
from the interior of the earth as would form the chief and central ridges of the 
mountains, may have left cavities occupied for a time only by gaseous vapours, into 
which the ends of the strata, fractured on lines parallel to the line of disturbance, may 
have fallen, thus producing their inverted position by a simple movement of lateral 
depression towards the cavity left by the outburst of the erupted masses. In other 

• Geol. Trans. Old Scr. vol. i. p. 281; and Silur. Syst. p. 423. 

3 o 9 


■ Oeol. Trans, vol. ill. p. 303. 
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words, as the moving agent was fluid plutonic matter, we may naturally imagine 
thM it was connected with deeply-seated lateral sheets of similarly molten mate- 
rials, which flowing towards the central line to fill up the space previously occupied 
hy the elevated axis, may have caused the cavities in question. In suggesting 
this hypothesis for consideration, we shall further illustrate it in the Appendix. 

If some persons be disposed to think, that certain of the Uralian crystalline rocks, 
particularly those which appear on various parallels on the Asiatic side of the axis, 
may, like the azoic rocks of Sweden (Chap. I.), have been formed during a period 
anterior to that to which the term palaeozoic ought to be applied, we are at once at 
issue with them. The cases are, in truth, wholly dissimilar. In Scandinavia, as 
has been shown, there exist, at intervals, true Lower Silurian rocks, containing a 
copious list of the organic remains belonging to the earliest ascertained sera of 
animal creation, which are there seen to repose wnconformably upon crystalline 
stratified rocks of an entirely distinct character, and with completely discrepant 
lines of bearing — ^anterior, therefore, to the lowest known paleozoic sediments. 
In the Ural, on the contrary, though Carboniferous, Devonian and Upper Silurian 
strata, either succeed each other regularly, as on the western side, or appear in 
oases on the eastern, where they have been torn into fragments by bands of erup- 
tive matter, it is at one or two spots only, that any traces of Lower Silurian beds 
can be detected. That such have existed, hov’ever, is proved by these very ex- 
ceptions, and we, therefore, believe that along the central crest, where igneous out- 
bursts have been most intense, and where, therefore, the lowest sediments have been 
most upheaved, inverted and altered, limestones, sandstones and schists, which at 
one period may have resembled those of the Lowxr Silurian of Sweden and of 
the government of St. Petersburgh, have been converted into crystalline limestone, 
chloritic and micaceous schists and quartz rocks. We draw this inference, not 
only because the quartz rock and the chlorite schist are seen to graduate into and 
inclose subordinate calcareous masses, which still present traces of organic remains, 
but also because throughout the chain, the whole series of rocks, from the most 
unaltered carboniferous deposits on the western flank, to the most highly altered 
Silurians, as well as the crystalline metamorphic rocks of the axis, are all parallel 
to each other, — all so graduate into each other, and are, in short, so interlinked, 
that we can nowhere, as in Sweden, obtain a definite base-line which exhibits the 
lowest stages of animal life as completely separated from an anterior state of things. 
On the contrary, in the Ural Mountains, when we try to reach Lower Silurian ves- 
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tiges, the record is usually defaced, though the walls are still standing, on which, 
according to the sequence in other countries, we ought to be able to decipher it 

But let us not be misunderstood. Looking to the British Isles, wc well know, 
that there are large tracts in them, where schistose deposits of considerable thick- 
ness, void of fossils, and also much associated with rocks of igneous origin, underlie 
strata in which Lower Silurian remains have been detected, and which yet pfeserve, 
like those of the Ural, a general parallelism to the fossiliferous rocks above them. 
We would not, therefore, dogmatically contend, that in the convulsed and crystal- 
line centre of the Ural, there may not have existed some such sedimentary masses 
which also were accumulated before the creation of the animals of the Lower Si- 
lurian type. Recurring, however, to the facts, that all the sedimentary and raeta- 
morphic masses of these mountains preserve one to the other a perfect parallelism 
of direction ; that the altered rocks are seen to graduate into the unaltered ; that 
the most altered occasionally envelope parallel bands of limestone with organic 
remains ; and, lastly, that though a patch or two of true Lower Silurian strata arc 
still recognizable, the regular place where, according to the established law of 
succession, such protozoic beds ought to api)ear, is commonly taken by roeks 
w'hich have undergone metamorphisin and mineralization^ through the evolution 
of igneous matter along a great meridian fissure, w'c think we are fairly sustained, 
both by direct evidence and fair analogy, in maintaining, that the original deposits 
out of which, in conjunction with eruptive matter, the Ural Mountains have been 
formed, belonged chiefly to one great pal*o/.oic a;ra, made up of the Silurian, 
Devonian and Carboniferous systems. 

Fi'om our own researclies and those of others to the east of the chain, we an: 
disposed to draw exactly the same conclusions in respect to the adjacent rock^of 
Siberia ; for although the characters of the last intrusive rocks are different, and 
though in some places granites (rocks very rarely seen in the Central Ural) usurp wide 
spaces in the lower ridge.s or Asiatic plateaux, we are uiiac(|uaintcd with a single 
phaenomenon which can shake our belief, that all these granitoid rocks (whether at 
Verkhoturie, Ekaterinburg, Miask, or in the steppes of Troitsk) were emitted after 
the completion of the Carboniferous system, and for the most part were posterior 
to the greenstones and other eruptive rocks of the Ural. Tretiding jiarallel icj 
the Ural chain, and therefore, in a broad sense, forming one of its api>cndageh, 
these granitic, syenitic and associated rocks are essentially to be distinguished 
from the old crystalline rocks of Scandinavia, and cjust he viewed as of the sanre 
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age as those of Christiania in Norway, which have there also burst through pa- 
laeozoic deposits. 

Reverting to the probable original structure of this chain ; let not geologists be 
appalled, when we call upon them to regard the chief crystalline axis of the Ural, as 
an equivalent (for the most part) of the Silurian strata. We can assure them, that 
so far from being a mass of too great dimensions fairly to represent such deposits, 
all the lower Uralian rocks united, are but feeble in thickness, when compared with 
the grand Silurian series of Britain ; which, as is now well understood, occupies 
the whole principality of Wales and several of the adjacent English counties. 
Instead of being compelled to call for the presence of the many thousand feet of 
Silurian sediment which there exist, in order to construct the narrow central ridge 
of the Ural, the latter mountains expose at intervals, within themselves alone, abun- 
dant sedimentary materials out of which all their crystalline schists and quartz 
rocks lhay have been formed. In a word, by comparing different portions of this 
chain, and by following its masses upon their strike, we are assured, that the same 
zone which in one tract has a mechanical aspect and is fossiliferous, graduates, in 
another parallel of latitude, into a metamorphosed crystalline condition, vrhereby 
not only the organic remains, but even the original impress of sedimentary origin 
are to % great degree obliterated. In this respect, therefore, the Ural may be com- 
pared with many other regions, and notably with the Cumbrian or lake region of 
the British Isles, where, as before said , the equivalent of the great mass of the 
Lower Silurian rocks is composed of crystalline slaty masses, alternating with much 
igneous matter; all those records of the most ancient beings in the palaeozoic 
succession, which are so clearly exhibited in Wales and Siluria, being no longer 
traceable. 

We may now conclude this long chapter with a few words upon the direction of 
the chief Uralian rocks. The geologist who inspects our Map, or who has fol- 
lowed our descriptions, can scarcely have failed to perceive, that although these 
mountains have, upon the whole, what must be called a meridian direction, dif- 
ferent portions of them are subject to considerable aberrations from that line. 
Thus from the Arctic Ural, in latitude 64° to latitude 55J°, the dominant ridge 
ranges from north and by west to south and by east ; occasionally the strata on 
either flank of the axis having a strike of 25°, 30°, and even 35° west of north. In 


^ See Introductory matter. Chapter L 
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the South Ural, on the contrary, the great radiating western branches trend from 
north-north-east to south-south-west; and whilst the chief axis inthelrendyk, with 
numerous masses on the west of the Sakmara and in the line of the Ural river, holds 
its course to the south, many of the rocks which flank it on the east, resume the 
prevalent strike of the strata in the North Ural, and trend from north-north-west to 
south-south-east. Seeing that the interstratified and contemporaneous igneous 
rocks which appear at the Katchkanar and other places along the crest of the 
chain, have the same direction as the adjacent sedimentary masses, we believe that 
the meridian alinement of the ridge began to he impressed up6n it at the very 
earliest period when the original sediments were formed ; in other words, that 
from the most primaeval traceable period, there has been a fissure more or less de- 
vious from the meridian, by which igneous matter has been extravasated at dift'erent 
periods. If our own observations were not adeipiate to establish this point, our 
readers may draw the same conclusions from the writings of llaron Humboldt, 
as well as from the details of Mr. G. Rose, in his description ^of certain stratified 
masses which lie between Nijny Tagilsk and the crest of the chain'. Humboldt, 
Rose, Helmersen and Le Play, all, indeed, concur in showing the prevalence of the 
latter rock along this crest of the Ural, and even upon its western side, where it is 
succeeded by black dolomites, occasionally fossiliferous, associated with chlorite 
and talc schists. 

There were, then, we conceive, plutonic evolutions of slaty hornblende rock 
during the earlier portion of the Silurian peri''d all along this great fissure, and 
these, after periods of repose, were followed by outbursts of greenstone, porj)hyry 
and other eruptive rocks. The efi'ects produced during one of these i)eriod8 ol 
disturbance, are partially seen in a few conglomerates of the Old Red Sandstone*or 
Devonian age, as well as in the fragmentary and altered condition of the Upper 
Silurian limestones along the eastern flank of the chain. Again, an agitation of 
this chain is distinctly mai ked by the coarse conglomerates at the close of the car- 
boniferous age, which from the very nature of their materials, must at one time 
have been deposited in shallow water and positions more or less horizontal. In 
such positions, indeed, they are still found, when remote from the eruptive axis ; 
but on approaching that line of igneous disturbance, these very beds (in one portion 
of the mountains) are thrown upon their edges, in the manner which we have 

' M. Rose has there described two long linear massea, the one of limestone in a highly granular state, 
the other of conformably interstratified hornblende slate. 
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pointed out in the Guberlinski Hills of the South Ural, where they have precisely 
the strike and direction of the more ancient and adjacent masses of the chain. 

That the Silurian, Devonian and Carboniferous rocks have all been disturbed and 
affected in parallel lines, has been shown in repeated sections, though the directions 
of the very same strata in distant parts of the chain differ from each other in their 
bearings to the extent of 35° or even 40°. Still, however, throughout the North 
Ural, the beds of all the formations, when examined in the same tract, are usually 
parallel to each other from the centre of the chain to its extreme flanks. 

The point, however, to which we would now specially point attention is, that 
not only these older palseozoic, but even the younger Permian deposits, which in 
many parts lie in horizontal strata against tlic edges of the upturned older palaeozoic 
rocks, out of whose debris they have been formed, have for considerable distances 
been affected upon lines of elevation parallel to those of more ancient date. In the 
South Ural we have shown, that similar deposits on the opposite flanks of the chain 
have assumed fan-like directions over considerable spaces, and that whilst on the 
European side of the axis, the Silurian, Devonian and Carboniferous rocks trend 
to the west of south, on the east side, or along the valley of the Ural, the carbo- 
niferous formations strike to the east of south. This is observed, however, where 

« 

the mountains spread out into a considerable width, and such aberrations are not 
persistent ; for when viewed on a great scale, the meridian direction is resumed 
near the extreme flanks of the South Ural, and is maintained both in the line of 
eruption of the Kara Edir-tau and the Mugodjar Hills on the cast, and in the Gu- 
berlinski and Urkatch Hills on the west, which uniting in Mount Airuk are thus 
seen to constitute one great zone of meridian eruption, as indicated by Humboldt 
(see Map, PI. VI.). 

Another feature to which we may now advert is, that on the south-western flank 
of the Russian Ural, or in all the country extending north and south across the 
rivers Sakmara and Ik, and along the north and south fissure of the Bielaya, the 
Permian conglomerates and sandstones range parallel to the bands of carboniferous 
limestone, and have been thrown into positions more or less conformable to them. 
The highly inclined outliers of carboniferous limestone which appear along that 
lin e, are sharply elevated axes or domes, which in their movements have also 
raised up the Permian deposits, in directions parallel to the outer edge of the Ural 
chain. Thus, whilst the gypseous Permian beds lie in horizontal and undis- 
‘ turbed masses against the chief mass of the carboniferous limestone, which really 
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forms the outer wall of the Ural chain, the very same limestone is thrown up 
through the Permian deposits, which are also dislocated, in the remarkable outliers 
of Tcheketau, &c. near Sterlitamak. The whole of the hilly tract of Permian 
strata bounded on the east by the river Ik, and on the west by the Ushatirka, and 
ranging southwards across the Sakmara to the Ural river ; in short, all the south- 
western counterforts of the Ural chain are made up of sandstones, conglomerates 
and limestones of the Permian age, which have been affected, though in a less 
degree, upon lines parallel to the carboniferous limestone. In a hi[l upon the right 
bank of the Ik, a tributary of the Sakmara, near Spaskoi, the sandstones are up- 
wards of l.'iOO English feet* above the sea : and in Mount Girialsk, between the 
Sakmara and Ural rivers, where they are lOS.*) English feet high, these conglome- 
rates strike north-north-west, south-south- east, and are inclined to the west at 
angles of 3.5°. In a word, they are there conformable, not only to the carboni- 
ferous limestone (see p. 146), but have exactly the same strike as the chief 
masses of older rocks which constitute the Southern Ural in fliat parallel of lati- 
tude, In directing attention, however, to these relations, we are quite aware of 
the necessity of drawing a marked distinction between the earlier dislocations and 
alterations which affected the Uralian chain, properly so cflllcd, and those which 
have occurred subsequently on its flanks, and on lines parallel to it. Thb latter 
pertain to geological casualties of a minor order of intensity ; for although these 
flanking Permian strata and the carboniferous limestones which pierce them, have 
been thrown up on outlying parallels, the older or carboniferous deposit, in such 
positions, never exhibits the same altered or dislocated condition as in the Ural 
Mountains, in no portion of which have the Permian deposits ever been detected. 

From all these facts, then, we have come to the same conclusions as those at 
which we arrived after an examination of the Silurian region of the British Isles ; 
— that whatever may have been the direction of an ancient Assure in the crust of 
the earth (we here include all partial deviations and embranchments dependent 
thereon), other parallel outbursts and upheavals have naturally taken place alomj 
the same line at subsequent epochs. That repetitions of such a phajnomenon ought 
in all probability to have occurred along the same lines — those of least resistance 
through which molten matter had been habituated to And its way to the surface, is 
what any one who reasons from existing analogies might be led to expect ; and that 
it has been so along the chief direction of the palaeozoic deposits of Wales and En- 
‘ Tliese heights, like moat of those given, are taken from Colonel Helmersen s^ observations. 
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glaud from the earliest Silurian period to the Carboniferous aera included, — in one 
instance, indeed, to the close of the New Red Sandstone*, and in the Ural Moun- 
tains from the Silurian, till after the Permian period, — are facts which it is import- 
ant to record. 

Lastly, if throughout the whole chain of the Ural we can, from the direction ot 
the deposits alone, make no distinction as to epochs of dislocation, still less can 
we attempt to do so when we turn to the Timan range, which, though trending for 
500 miles from north-east to south-west, consists, as we have shown, of palaeozoic 
rocks of the same age as those of the Ural ; the only distinction being, that along 
no portion of that low ridge are the Permian deposits affected, as along the south- 
western flank of those mountains. 


P.S.'In alluding to the inverted position of strata, we ought not to forget the 
’'emarkable case cited in North Wales, where along a considerable space in Mont- 
gomeryshire and Radnorshire, the Upper Silurian rocks either dip under or abut 
igainst what are now known to be Lower Silurian, but which, from want of suffi- 
cient examination, were formerly supposed to be distinct, and were then called 
Cambrian. (See Silurian System, p. 309, and Chap. I. of this work.) 


* See Silurian System, p. 294 ef seq. 



CHAPTER XIX. 

ANCIENT SURFACE OF THE URAL MOUNTAINS AND THE 
ADJACENT COUNTRIES.— GOLD AND MAMMOTH ALLUVIA. 


Introductory Vieiv, showing the Mineral conditions of the Ural Chain v)hen the Palteo-^ 
zoic Conglomerates were formed, — No trace of Gold or Platinum in th» ancient 
Cupriferous detritus on the West, nor in the Tertiary Grits on the East Flank of the 
Chain, The present Watershed and the Gold Ore both formed during a compara^ 
lively modern period, — Auriferous Alluvia at the Mines of Berezovsk, — The De- 
tritus of Gold veins and Mammoths' bones therein, — Mines of Chrestovodsvisgensk 
with Gold and Diamonds, — Mines of Peshanka near Bogoslofsk with Gold, Mam- • 
moths' bones, Sfc . — Ores of Platinum as well as of Gold occasionally formed by dif- 
fusion through the Rocks. — Auriferous and Mammoth detritus along the East Flank 
of the Chain to Soimanofski Zavod. — Great lix^hness of similar accumulations south 
of Miask. — No traces of action of the sea on the East Flank of the Chain from after 
the Palaeozoic period to the present day. — The Gold Shingle of the Ural and its 
overlying Clay formed in the Lakes of an ancient Siberian Continent, where* the 
Mammoths and other extinct Animals lived. — The fossil Mammalian Remains carried 
for ages into Lakes and Rivers, and thence into Estuaries and the Northern Sea , — 
Their final destruction probably caused by the last elevations of the Ural, — The 
Remains of fossil Animals in the Drift of European Russia considered, — The sup- 
posed preservation of the Bos Urus to the present day explained. — Relative changes 
of Sea and Land considered. 


The reader will already have seen, that just as surely as one sediment has suc- 
ceeded to another in the Ural Mountains, so have certain igneous evolutions and 
changes taken place at different periods, by which conglomerates were successively ' 
formed upon their shores. Thus, for example, we have alreadjj shown, that the 
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formation of magnetic iron was coincident with the outburst of one sort of trappsean 
rock (greenstone porphyry), which however posterior to stratified and other igneous 
rocks, was in itself succeeded by copper ore and serpentine, whilst the latter has 
been subsequently cut through by syenites and granites. 

Amid the results of these various disturbances, we will now endeavour to indi- 
cate the period, at which the rocks of the Ural were impregnated with gold, and 
when the auriferous alluvia were formed. Looking at the Ural as a great meridian 
chain, we have already shown, that the palaeozoic and sedimentary deposits of 
which its central ridge and eastern parallels essentially consisted have, to a great 
extent, parted with their original characters, and have usually assumed a crystalline 
aspect. Issuing from the summit and eastern edge of this metamorphic mass, 
eruptive rocks form the culminating points of the chain, to the east of which and 
extending into the low countries of Siberia, other parallel lines of eruption, ranging 
more or less from north to south, and also traversing palaeozoic rocks, constitute 
an undulating zone, composed of hills of slight elevations, parallel to the chief ridge. 
These lower eastern ridges, all either composed of eruptive igneous rocks, or the 
original strata through which they have burst forth, are the chief seats of the mine- 
ral and metalliferous productions of the chain. For though auriferous detritus 
occurs, in one instance, on the western side of the watershed, that exceptional case 
is accompanied by the same phajiiomeua as are uniformly apparent in the eastern 
gold zones, viz. the contiguity of parallel ridges of eruptive rocks. 

The general feature of the great mass of auriferous materials being invariably 
found on the eastern flank of the chain, coupled with their almost total absence on 
its western slopes, has been already dwelt upon by Humboldt, who has shown, that 
in relation to the other geological phsenomena the formation of gold veins is of 
comparatively recent date, and little, if at all, anterior to the destruction of the 
mammoths. Having ourselves arrived at the same conclusion, we must explain 
the evidences which have led us to adopt this view, because in one material geolo- 
gical point they are independent of the reasons which influenced our great precur- 
sor. This point consists, in developing the geographical changes which the region 
has undergone in former geological epochs, and by deducing from their results, that 
the auriferous phsenomenon must have been posterior to all such early conditions. 

In the first part of this work we have endeavoured to establish, that the widely- 
spread cupriferous deposits of Permia, which occupy all the low country to the 
west of these mountains, have been derived from pre-existing eastern lands, upon 
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which the plants and vegetables inclosed in the Permian conglomerates must have 
grown. Judging from its composition, — it is entirely made up of fragments 
of ancient Uralian rocks, — the great Permian deposit must have been accumu- 
lated, not only after the completion of the Silurian, Devonian and Carboniferous 
systems, but after their consolidation, and either after or during their mineraliza- 
tion with copper ores. This is a clear and undeniable conclusion, aT which 
the field geologist who has examined this region arrives ; for in whatever parallel 
of latitude he may trace this ancient detritus, he invariably finds it to be more 
coarse and metalliferous as it approaches the mountains from which its materials 
have been derived, whilst in receding from them, such mineral matter (always 
in the form of deposit and never in the condition of veins) as regularly dies 
away and is lost in marine marls, sands and limestone. But if the Ural Moun- 
tains were, as we contend they must have been, the source whence all these cuj)ri- 
ferous sediments, as well as detritus and fossil vegetables were supplied, very dif- 
ferent, indeed, must have been their former outline from that which now ])revails ; 
for on the western slope of the axis down which the waters now flow into Permia, 
there are no great veinstones and original sources from which such debris could 
have been derived. All the spots where the largest veins, masses and original 
centres of copper ore occur, whether at Bogoslofsk, Nijny Tagilsk, Gunieshefsk 
and Polofsk, south of Miask or other and intermediate places, are on the eastern 
side of the chief ridge. Supposing that these mines were in the process of forming, 
or having been formed, were undergoing destruction, during an a*ra in which the 
land had assumed its j)resent outline, almost every cuj)rifcrou8 particle and drop 
of water impregnated with or transporting such mineral matter, must have de- 
scended into the adjacent low country of Siberia. By no natural agency could any 
considerable quantity of such coarse materials be now carried to the low countries' 
on the west, between which and all the great copper sources which arc known, lies 
the ridge of the Ural. Now, as all the cupriferous detritus has been carried to the 

* The case of Gumeshefsk is, indccti, not so deraoiistrutive a* thoKC of liogOHlofsk, Nijny 'Jagilhk, 
Polofsk, Ac. ; for the small river near the former place winds through the chain to the west. The line oj 
heights, however, is to the weat of Gumeshefsk, and equally Bcparates that tract from the low country on 
the west. We are now alluding, it will be recollected, to very ancient residuary detritus, which must 
have been derived from that which is now the cast side of the line of greatest altitude, and we show, that 
as with the present configuration little or no such cupriferous drtiitus could be ])ourcd down to the 
west on account of a high intervening ridge, so we feel sure that such ridge (the present crest of the Ural) 
has been thrown or raised up after the accumulation of the Permian dcjiosits. 



474 ELEVATION OF THE PRESENT CREST OF THE CHAIN AND THE 


western flank of the mountains, and not a particle of it into the low country of 
Siberia, it follows, that by far the greatest variation in physical outline which the 
region has undergone, — one by which a lofty wall was thrown up between Permia 
and the original copper sites of the Ural, — took place at a period posterior to the 
formation of the Permian deposits. 

To illustrate this view, we refer to our proofs, that all the region of Permia was 
submerged during the gathering together of its copper-bearing sediment (charged 
with remains oi marine animals, mingled with the branches and leaves of trees), 
whilst the opposite low country of Siberia is entirely void of all such marine* 
formed strata. The original subsoil of Siberia exhibits, as we have shown, ancient or 
palaeozoic rocks only, similar to those of which the chain of the Ural was originally 
composed, covered in part by recent tertiary accumulations, but without a remnant 

of former marine detritus, whether of the carboniferous or Permian aeras, such as 

« 

that which overlaps and covers the edges of rocks of the same age on the west. 
It follows, then, as *a necessary induction, that when the cupriferous gravel and 
conglomerate were washed into the sea-shores and bottoms west of this chain, the 
tract extending eastwards from it was excluded from such waters, and therefore 
above them. In other words, what we now call the Ural Mountains, then formed 
the rocky shore of a very ancient and probably low continent, from which powerful 
streams descended into a western sea. But did this old continent contain gold 
and platinum as well as iron and copper ? Certainly not ; for had it been so, some 
trace, however slight, of gold or platinum must have been found in the Permian 
debris ; and yet long and patiently as the detrital copper-mines on the European 
side of the chain have been worked, no one has ever heard of such an occurrence. 

Nor if we recede further into antiquity and look to some of the earlier “reliquiae” 
of this chain, those, for example, which under the form of carboniferous conglo- 
merates are most clearly indicative of one of its great upheavals, can we detect in 
them any traces of gold ores ; though those conglomerates are compounded of all 
sorts of rocks which pre-existed in the Ural. Searching, indeed, throughout 
the whole series of detritus, whether carboniferous, Permian, or that of much 
younger age, the tertiary beds of Kaltchedansk and Verkhoturie, in none of these 
regenerated deposits has a vestige of gold ore been found. 

To render this inference still more conclusive, it may be stated, that not only the 
absence of auriferous fragments, but the very materials of which the carboniferous 
and Permian conglomerates are composed, similarly bespeak a like change of out- 
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line since the period of their deposit ; for if the present watershed of the Ural had 
then been in existence, scarcely any fragments or pebbles of porphyry, greenstone, 
or Lydian stone, could have found their way into the region of Perraia, — all, or 
nearly all such, would naturally be transported to the depressions on the Siberian 
flank of the chain where these rocks abound in situ. But the contrary has been the 
case : the Permian deposits on the west contain the detritus of such igneous 
and metamorphic rocks, whilst nothing like it is to be seen in Siberia. 

Whether, therefore, we judge from the total absence of all auriferous matter in 
the ancient conglomerates on the west, and in the tertiary grits upon the cast, or 
from the absolute materials in the whole series of regenerated deposits, we conclude 
that the chain became auriferous during the most recent disturbances by which it 
was aflected, and that this took place when its highest peaks were thrown up, when 
the present watershed was established, and when the syenitic granites and other 
comparatively recent igneous rocks were erupted along its eastern slopes. 

The only detritus in which grains and portions of gold and 'platinum have been 
found is, in truth, that in which remains of mammoths and rhinoceroses have also 
been detected ; and coupling this last fact with the omission of all auriferous veins 
in the more ancient alluvia of the chain, there can be no doubt, that in this region, 
gold was one of the most recent mineral productions anterior to the histftric mra. 
The very nature and form of the ground in which the auriferous debris have been 
heaped up, shows that, unlike the ancient or Permian detritus, this took up its po- 
sition when the present configuration had been to a great extent brought about, and 
when valleys existed, in which large quadrupeds, closely allied to those which now 
live among us, were entombed. We believe, then, that before the surface assumed 
its present outline, the tract we now call the Ural Mountains was a low ridge, ex- 
tending from north to south, and forming the western shore of a continent on which 
such animals lived and died during long ages. 

In proceeding to describe a few of the auriferous spots which came under our 
notice, we at once disavow any pretension to explain their statistical and mining 
details. Our time was too much limited for such inejuiries, concerning which 
we must again refer to the works of Humboldt, Rose, Ilelmersen, and of many 
officers of the Imperial School of Mines who have written upon their respective 
stations. Our sole object is to bring before the mind of the reader, the mode and 
period in which the auriferous detritus was accumulated. 

Whoever may take in his hand the detailed geological map of any auriferous 
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tract of the Ural or Siberia, and observe that the affluents of the rivers are 

C 

chiefly the sites which the gold detritus occupies, might naturally be led to 
infer, that it was nothing but the residue of rivers or streamlets. This, however, 
would be a gross misapprehension. The gold alluvia of the Ural (sand it can very 
rarely be called) is a gravel seldom less coarse than that around London and the 
east of England, and for the most part a shingle, composed chiefly of moderately- 
sized and small subangular fragments of the adjacent rocks. It is, in short, that 
portion of the detritus of this chain, which has been derived from such rocks as 
have been impregnated with gold, or which contained gold-bearing veins. With 
the exception of the presence of very minute portions of gold, platinum or mag- 
netic iron disseminated in it, and which are very rarely perceptible to the eye, it is 
nothing but the debris of certain mineralized masses which have been formerly shed 
off from the flanks of these mountains, and have partially filled up the depressions 
adjacent to them. 

Unlike the Scandihavian and other chains, which burthened with much detritus 
have cast off portions of it to great distances from their flanks, the sides of the 
Ural are void of all such far-transported or rounded blocks ; every loose fragment 
, having been derived Irdm an adjacent elevation, and having been usually washed 
down, in* strict relation to the chief existing features of the land In fact, the 
term drift is not correctly applicable to these Uralian masses, which are purely 
local, and in which there are none of those boulders, that in other countries have 
been transported across hills and valleys, far from the place of their origin. Neither 
do the sides of the mountains exhibit strise of denudation nor polished surfaces; and 
all the superficial detritus, without exception (parts of which only are auriferous), 
is strictly local. Let us now consider the nature and relations of the gold accu- 
mulations, at a few of the principal sites where they are worked. 

Gold Mines ofBerezovsk near Ekaterinburg . — ^These mines, situated about twenty- 
five versts to the north-north-east of Ekaterinburg, have long been most productive, 
and are interesting to the geologist and mineralogist in oflering the only subterra- 
nean shafts in all this region by which gold is still extracted from the parent rock*. 

' The same distmction was fonnerly pointed out between the heal drift of Siluria and the foreign or 
northern drift of England. See Silurian System, p. 509 et seq. 

* From the year 1745, to the time of our visit, 1841, these mines had afforded 52,000,000 of poods 
‘ of ore-stuff which had yielded 679 poods of gold. The proportion of gold to the vein-stone or detritus 
necessarily varies exceedingly in different localities, and from time to time, even at the sanie place. . At 
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The chief fundamental rocks are talcose, chloritic schists and clay slates, like those 
which prevail around Ekaterinburg, and these have been cut through by ]>arallel 
bands of a felspathic rock called “beresite,” which M. Rose considers to be a 
decomposed granite, — a continuation, in fact, of the granites of the Shartash lake 
and Ekaterinburg (see Map). The band of “ beresite,” which bears, in tru^h, the 
aspect of a metalliferous lode, trends from north to south, and contains within it 
many veins of quartz, in which the gold occurs, and from which it is extracted 
both by vertical shafts and lateral galleries which have been made in the masses 
of the “ beresite.” On each flank of the lode, the talc schist in contact with the 
beresite is a reddish decomposing altered rock, called ‘‘ crassick ” by the workmen. 
In some parts of the works the quartz veins so multiply as almost to exclude the 
beresite, whilst some other or poorer veins traverse the mass diagonally and even 
from west to east. In contact with the quartz veins, the beresite is usually com- 
pact and hard, but at a little distance from them, that substance is usually in a 
form which would convey to the ordinary observer merely the idea of kaolin or 
decomposed felspar rock. No shaft has been sunk lower than twenty-eight 
fathoms, and no perceptible change was observed in the nature of the miiua'al 
substances at that depth ; but owing to the influx of water and the want of steam- 
engines, the works, at the period of our visit, were only carried on at a level of 
sixteen fathoms. 

Referring to the valuable details of M. Rose both as respects the nature of the 
matrix and its imbedded minerals', we thus briefly allude to the rock in situ, in 
order to explain how the alluvia which cover it, and which partake of the local 
character of all the Uralian detritus, should also be auriferous. The gold alluvium 
at this locality occupies a narrow depression in which a tiny stream called the 
Berezof meanders. The detritus reposing upon an irregular surface of the schistose 

Berezovsk 100 poods of gravel formerly gave from five to eight zolotniks ; but now the same ejuuntity 
does not afford more than from one quarter to one-half of a zolotnik. The Magdalenski mine near J{o- 
goslofsk has been known to afford, in one year, as much as half a pound of gold in 100 poods, though in 
general the same quantity only produces one zolotnik ! 

There are 96 zolotniks in a Russian pound, which is equal to 14 oz, 7 dr. English avoirdupois. The Rus- 
sian pood, or 40 lbs. of that country, is consequently equal /o 36 lbs. 2 oz. English avoirdupois. [8ee Tra- 
vaux de la Commission pour fixer les mesures et les poids de TEmpire de Russic, rediges par A. I'b. 
Kupffer.] 

* Besides the quartz, M. Rose enumerates tourmaline, talc crystals, pyrophyllite, hitter B])ar, iron py- 
rites, brown iron ore, needle ore (bismuth), grey copper, copper pyrites, sulphate of cojipcr, carbonate of 
lead, vanadiate of lead, gold, &c. ; but of all these minerals quartz is much the most abundant. 

3 Q 
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MAMMOTH BONES IN THE GOLD SHINGLE. 


rooks or granite which has penetrated them is composed of their various debris, 
chiefly angular, and in thickness from eighteen to twenty feet. It is, in fact, local 
drift, and is spread over the whole of the adjacent depression with Uttle reference 
to the streamlet which now flows in it, and which is made to follow the works ; 
for by^its water alone is the ore washed out of the detritus. We shall not describe 
these works, though we may state that they are more productive in those spots 
where the broken materials and coarse sands are most ferruginous, and that during 
the washing process, the black, glancing grains of magnetic iron ore, form a good 
indication of the presence of gold. Our chief aim is to show the position in which 
the bones of mammoths were found in this coarse debris, covered by clay, bog- 
earth and soil. 


Berexof rivulet. 6 2 . 



a. AunferouR rocks in Auriferous detritus. 

c. Overlying clay covered by humus and bog. ^ Position of mammoth bones. 

The above diagram at once explains these relations ; for, as we have before 
said, the drift in which the gold occurs, fills up all the original inequalities of the 
surface of the rocks ; and in one of the lowest of these depressions, from eighteen 
to twenty feet below the surface and at least 200 feet distant from the little river, 
very well-preserved tusks and other bones of a mammoth were discovered by M. 
Koksharof, sen. ', formerly director of these works. Now the coarse gold, gravel 
and sand is covered by a thick mass of clay, which is wholly unstratified, and this 
again by a poor imperfect grassy peat, and, lastly, by the sterile humus or soil of 
the country. With the exception of the gold in the gravel, these relations may 
be paralleled in many other tracts of Europe. For example, just in similar 
coarse gravel and sand, have often been found the bones of mammoths and other 
extinct animals in the ancient valleys of the Rhine and Danube, and many other 
places. There, as in the Ural, the coarse detritus is usually covered with the finer 
materials of sediment, either in the form of clay or of sand and loss. In the upper 
clay of this place, as in the loss of the Rhine, similar remains have also been found ; 
and all that we now point out is, that by the distribution of the materials in which 
such remains occur they could not have been placed there by the puny Berezof 

* M. Kokaharof presented these bones to Mr. Murchison, and they are now in London. 
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stream, which in itself is wholly incompetent even to wear out its own course in 
these masses of ancient and pre-existing debris. 

We did not visit a twentieth part of the gold workings of the Ural, some of which 
occur much higher up towards the axis of the chain, others further removed from 
it than those of Berezovsk, and we must point to the map for many of these po- 
sitions, in all of which the alluvial phamomena are more or less the same as those 
above mentioned, the detritus being invariably derived either from the rocks in 
or from the adjacent higher hills. We shall, in the sequel, describe other exam- 
ples of exactly similar sepulture of the hones of the mammoth in the South Ural, 
and in the mean time we may say a very few words on the extension of the aurife- 
rous zone to the north. 

Gold-hearing alluvia have been found at various spots nearly all along the eastern 
flank of the chain, both in the lateral, or north and south, and in the transverse, or 
east and west valleys, formed amid the rocks which we have formerly described. 
These auriferous alluvia, notably rich along the zone where gfeenstones, porphy- 
ries and serpentines have traversed ancient limestones, have been followed by the 
Russian miners to the north of Petropavlosk, between which place and Berezovsk 
the excavations and works have been numerous. Aroun(7 the Zavods of Nijny 
Tagilsk and Blagodat, and even extending to the western talus of the watershed, 
these gold alluvia have been considerably worked in those parallels, and in some 
instances, the ore of platinum is formed in the very same masses. In reference to 
the works depending on Nijny Tagilsk it may be stated, that the zone which ranges 
close along the western side of the crest of the chain is poor in gold, the particles 
of which are associated with chromate of iron and platinum, and are supposed^ to 
have been derived from the hornblende and metamorphic rocks which there rise 
up to form the axis. The richest band is that which runs from north to south, a 
little to the east of Laisk, whilst two other but poorer zones occur in the mine- 
ralized low ridges, still further east, or at forty and sixty versts from Nijny Tagilsk. 
In this parallel of latitude, therefore, the gold-bearing detritus is found, at intervals, 
and in zones, extending from north to south over a country near 100 versts in 
width, and is everywhere made up of fragments of the metamorphic and eruptive 
rocks of the region, and most frequently in portions of quartz veins. Varying in 
thickness and importance, according to the original depression or cavities in which 
they have been deposited, these materials lie at all levels, the little modern streams 
having had no sort of influence in accumulating them. 
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Gold Mines of Chrestovodsvisgensk . — ^This is the only gold-work of any magnitude 
which fairly lies at the western foot of the Ural chain ; for those which depend 
upon the Zavod of Nijny Tagilsk are, as has already been stated, close to the 
eruptive axis. But even here the relations are on the whole similar to those more 
productive deposits which occur along the eastern side of the axis ; for the alluvia 
are acdumulated to the eastern side of the black dolomitic limestone before de- 
scribed, — a rock, as before shown, which is seen to pass into the talcose and 
quartzose schists which constitute the chief mass of the axis of the Ural. Nay, 
more, this gold alluvium also lies between the great metamorphic axis of the Ural 
and the eruptive ridge of Bissersk (see Map) ; so that, in truth, the mines of 
Chrestovodsvisgensk cannot be said to offer an exception to the general con- 
ditions, under which all the gold alluvia on the Siberian side of the chain have 

been formed. Filling the narrow valleys which radiate from the ridge, all watered 
« 

by various small streamlets which fall into the Koiva, the gold shingle is here 
piled up in thick accumulations, which, as you ascend the Adolfski brook to the 
chief mines, are found to increase to a thickness of about forty or fifty feet, covered 
by masses of clay. At these upper works, the overlying detritus is so considerable, 
that in order to avoid 'the expense of removing it, horizontal galleries are driven 
near the level of the rivulet, and the most auriferous portions of the gravel are 
thus extracted. This detritus, which is nearly all angular and chiefly made up 
of chloritic, talcose and quartzose rocks with some fragments of eruptive rocks, is 
apparently void of limestone or dolomite, thereby showing, that it has been really 
derived from the breaking up of the higher adjacent Uralian slopes upon the east, 
which are essentially composed of such rocks. Thence it has been spread out in 
great mounds, which diminish in importance as they descend into the lower 
grounds, where the alluvium overlaps the edges of the black dolomite or Devonian 
limestone before described. No remains of great pachydermatous quadrupeds 
have been found in this coarse shingle, though the bones of Elks have been detected 
in the overlying clay. 

The gold alluvia of this tract have been rendered conspicuous by having afibrded 
specimens of diamonds; and as some doubt was at first thrown upon the reality of 
the discovery, we think it right to state, that from every inquiry we made upon 
the spot, no sort of suspicion can attach to the evidence. In referring the reader 
to the description of these diamonds in the works of Baron Humboldt and M.Rose, 
it is only necessary to state, that upwards of forty specimens (all of which we saw 
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in the cabinet of Prince Butera) were detected in the detritus upon the banks of 
the Adolfski rivulet, at the time when the alluvium was there worked for gold. The 
operations being no longer carried on in that spot, — the quantity of gold being too 
small to repay the cost, — no more diamonds can have been detected. 

Judging from the mineral character of the Uralian rocks, Baron Humboldt had 
even before his visit to Siberia foretold, that diamonds would be found in tlie Ural 
as in other countries which contain platinum and palladium ; and whilst he was en- 
gaged in his journey to the Altai, the discovery at Chrestovodsvi^ensk was made. 
Since that period Colonel Helmersen has shown, that diamonds have been found 
(though in a rare specimen or two) at three other points along the Ural chain'. 

As the existence, therefore, of diamonds in the Ural cannot be disputed, it is 
gratifying to know, that quartzose micaceous schist, identical with the diamond- 
bearing Itacolumite of the Brazils, really occurs in the portion of the Ural adjacent 
to those mines, and in a tract from whence the drainage of the Koiva and Polu- 
daska streamlets descend. We are indebted to Colonel HelTnersen for this dis- 
covery, from which, as well as from his finding the same itacolumite in various 
parts of the Ural, he infers that it has been the real site of the diamonds®. With 
the precise geological age of the itacolumite of the Brazils we are unacquainted, 
though, like that of the Ural, it is evidently a metamorphic rock. In tlfe former 
country it has been described by Eschwege as the chief seat of the diamonds, and 
all the rivulets in which they most abound flow from mountiiins composed of it. 
In M. Claussen’s descri[»tion of a portion of the province of Mina’s Gcraes (Moun- 
tain of Grammagoa), we are assured, that powerful and slightly inclined bands of 
soft micaceous sandstone, having occasionally the aspect of itacolumite, repose di- 
rectly on transition rocks, and contain diamonds between the flakes of mica, just as 
garnets occur in mica schist'^. Whether this sandstone or psaramite, as M. Claussen 
supposes"*, has been metamorphosed into the crystalline micaceous schist called 
itacolumite (by no means improbable), it is not for us to determine; but as dia- 
monds have been found, in exactly similar sandstones and grits, in Hindo8tan^ there 

' Ekaterinburg, Kushvinsk and Vercli-Uralsk. Barun Humboldt and M. Hose were prevented from 
visiting Chrestovodsviegensk, 

* Reise nach dem Ural, 2 Abth. p. 202. 

* Bulletin de TAcad. de Bruxelles, 1841, tom. viii. p, 330. A Brazilian specimen of itacolumite in the 
Imperial Museum of the School of Mines contains two diamonds. 

* Qeogn. Gemalde von Brasilien, p. 38 ; and Pluto Brasilieiisis, p. 424. 

* See also Mineral. Report on the districts of Nellore, Cuddapah and Guntoor, by Lieut. Ouchterlony : 
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can be little doubt that these precious stones were originally formed in different 
parts of the world in sedimentary deposits not more ancient than those which con- 
stitute the flanks of the Ural chain. We may add, that as carbonaceous grits of 
the Devonian and Carboniferous periods exist, it is very easy to conceive, bow these 
masses, like other sediments to which we have previously alluded, have been trans- 
muted Into the quartzose micaceous schists which occur in this chain, and how the 
diamonds have been derived from them and deposited in the auriferous gravel'. 

Peshanka Gold Mine near Bogoslqfsk . — After this short digression, we now return 
to the east flank of the chain. The gold alluvia of the rich mine of Peshanka, like 
those of Berezovsk, occur on both sides of a small rivulet, which meanders through 
a depression between the copper mines of Turyinsk and the river Kakva. The 
chief underlying rock is greenstone, and the gold sands situated immediately upon 
it are the richest. As no fragments of quartzose veinstones have ever been found 
here, the gold grains being simply collected by washing the finer sandy gravel, 
it has been supposed, that the gold is diffused throughout the subjacent rock, 
which, according to M. Karpinski, who then directed the mine, was in part a sye- 
nite. We were even told, that upon analysis this last- mentioned rock had been 
found to contain gold. vAs far as we could judge from appearances, the surface 
was covered by large blocks of syenite lying in the sand and gravel, which as in 
other places was covered with clay, in which the bones of mammoth, rhinoceros, 
&c. had been found, chiefly near the mouth of this little valley. Most of the 
gold has been extracted near the centre of the detrital mass, whose maximum 
thickness is about seven feet, and which is clearly divisible, as elsewhere, into 
two parts, viz. overlying clay and shingle, and auriferous sand beneath. On the 
whole, the inspection of this locality led us to believe, that the gold had been dif- 
fused through the subjacent rock, and that the auriferous epoch, or the close of it, 
was marked by the scouring and denudation of the surfaces of the rock so impreg- 

Madras, 1841. Some of these tracts appear to resemble very much in composition the axis of the Ural. 
See also Lieut. Newbold’s papers on the gold and diamonds in various parts of India, Joum. Royal Asiatic 
Soc. 1843, pp. 203—226. 

1 We cannot, for the reasons before assigned, participate in the idea partially alluded to by M. Rose, and 
cited in the Appendix to Baron Humboldt’s work, that the diamonds of Chrestovodsvisgensk may havo 
had their origin in the black dolomite of that place ; for although that rock has been shown to contain 
carbon, the alluvia in which the diamonds were found, though overlying the dolomite, exhibit no portions 
of it. We agree with Colonel Helmersen, that the diamonds, like the gold shingle and the major part of 
*the accompan 3 ring detritus, have been drifted from the adjacent flank of the higher mountains, in which 
micaceous quartz rocks exist, fragments of them (itacolumite) being also found in the alluvium. 
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nated'. All the coarse detritus had evidently been forced hither by the same waters 
which entombed the mammoths ; for the present stream can scarcely remove a 
pebble the size of an inch. In following this rivulet and the river Kakva, into 
which it falls, to the lower grounds of Siberia, the remains of mammoth, rhino- 
ceros and Bos Urns multiply, and in the old alluvium on the banks of the rivers 
Pellim and Tavda, both tributaries of the Tobol, are very abundant. * 

Origin of the Ore of Platinum, and probable diffusion of that Metal as well as Gold 
through certain rocks. — We have just spoken of the ditfusion of ^old ore througli 
certain rocks of the North Ural. Even at the moment when we made the memoranda 
on the Peshanka, and saw how completely the auriferous sand at that spot seemed 
to be simply the disintegrated surface of the subjacent rock (a sort of syenite or 
“ granite pourrie”), we could not doubt of the likelihood of such a phaenomenon. 
Since that time Professor Hoffman has ascertained, that in a considerable region 
of eastern Siberia, the gold is really disseminated, not only through granitic and other 
igneous rocks, but also through large bodies of clay slate*. In^this respect, indeed, 
there is nothing in the dissemination of the gold, which is in any respect dissimilar to 
what is known of the diffusion of magnetic iron, pyrites and various other minerals, 
through the substance of rocks, both igneous and sedimentary. The fact is, then, 
that though gold has frequently been, and is for the most part, formed in ^artzose 
and other veins which have either penetrated or been separated from the mass of 
the formation (and of these the Ural affords countless examples), it has also been 
diffused in some tracts throughout the whole body of the rock, whether of igneous 
or aqueous origin. 

Though ores of platinum are found in the alluvia of the Ural chain in various 
parallels of latitude, it is only within the territories of the Demidoff family that 
they are still worked. After an examination of the greater number of the platinum 
works belonging to Nijny Tagilsk, all of which lie on the western slope of the 
Ural-tau in that parallel, M. G. Rose had shown, that in one only of the numerous 
masses of alluvia was any gold mixed with it, and that in no instance could he 
detect any veinstones of quartz or other fragments of rocks, nor of magnetic iron 

* Since the year 1829, when it was discovered, this mine of Peshanka had yielded, to 1 840, or in eleven 
years, 250 poods or 10,000 Russian ibs. of gold. 

• For an account of the enormous increase of gold derived from the eastern governments of Siberia in 
the last two years, with speculations thereon, see Mr, Murchison’s Address to the Royal Geographical 
Society (Journal Royal Oeog. Soc. Lond. vol. xiv. part i. p. Ixvi.). An extract will be given in the Ap. 
pendix. 
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ore, 80 abundant in the gold alluvia. The platinum had formerly, it appears, been 
found, for the most part, in fragments from the weight of a zolotnik to near one 
pound, though rarer examples had occurred of pieces weighing from three to up- 
wards of eight pounds. According to Rose, the major part of the detritus asso- 
ciated with the platinum consists of serpentine, with very rare appearances of 
hypersfhene or other minerals, the ground over which it has been washed being 
either chlorite schist or quartzose talc schist, the latter containing diffused epidote. 
The platiniferous alluvia on the west slope of the Ural ridge, like the gold alluvia 
on the east, has in truth been drifted down into adjacent depressions from the cul- 
minating peaks of hornblende slate, serpentine and greenstone, and is occasionally 
from ten to twelve feet thick. It differs only from the gold alluvia in being usually 
arranged in narrower masses, the breadth of one mass being eighteen to twenty four 
feet, and of another thirty to forty, and their lengths from 300 to 400 feet ; whilst 
there are many gold accumulations more than treble such length and breadth. In 
our own examination, indeed, of a heap of detritus north of Kushvinsk, from which 
platinum ore had been extracted, we could detect no sensible geological distinction 
between it and the auriferous detritus in the neighbouring valleys, since we found 
them both to be composed of various sub-angular veinstones and rocks of the adja- 
cent ridges (see p. 381). By this observation, however, we by no means wish to 
imply, that the formation of platinum ore may not, in other instances, have been 
accomplished by a natural process separate from that which in most instances ela- 
borated the gold ; but we believe, that with the present amount of evidence it 
would be unsafe to attribute the origin, of either platinum or gold, exclusively to 
one mode of formation. 

We are led to make this remark from a recent publication of M. Le Play, whilst 
these sheets are passing through the press*. Availing himself of the light thrown 
upon this subject by the scientific researches of M. Schwetzof and the mineral 
agents of M. Demidoff, this able mineral surveyor, who, as before said, visited a part 
of the Ural Mountains since we quitted them, has come to the conclusion, that the 
platinum of Nijny Tagilsk was not formed in veins, but disseminated throughout 
the whole mass of certain crystalline rocks {gisement primitif). He founds this 
belief on having followed twenty or more courses of platiniferous alluvia up to a 
common centre, the mountain La Martiane, from which they have all been derived, 
and of whose detritus they are all composed. No quartzose veinstones occur, and 
* Comptes Rendus it ITnstitut de France, Novembre 1844. 
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all the platinum is finely and equally ditfused in the proportion of 1 in 200 of a mass 
which is made up of fragments of greenstone and serpentine, but chiefly o^ the 
latter. Moreover, the fragments of serpentine associated with the platinum are 
positively saturated with its predominant associate chromate of iron, and though as 
yet no platinum has been recognized in the rock, M. Le Play contends, that it must 
be imperceptibly diffused through a mass whose disintegration yields this o%. 

Such data, including those afforded by Humboldt ' and Rose, certainly afford fair 
grounds for presuming, that the platinum in these localities (the most remarkable 
in Russia) must have been diffused through the rock, just as we now know that in 
large tracts of Siberia gold is also diffused. Still, all these facts cannot induce 
us to change our opinions respecting a heterogeneous mass of jjlatiniferous alluvia 
which we have ourselves seen on the eastern slopes of the Ural, between Kushvinsk 
and Turinsk, where fragments of greenstone, porphyry, jasper, &c. are mixed with 
fossiliferous limestone, and grains of quartz and magnetic iron ore. The*phivno- 
mena, therefore, at the Demidoff works of platinum ore, can by no means be 
assumed as applying generally to the origin of that metal. Colonel Ilelrnerseu 
has, indeed, distinctly stated, that grains of ])latinum have been extracUul from 
quartzose veins in the “ Beresite,” which arc loaded witlb gold, and he properly 
insists upon that as a known source of platinum®. We are therefore disqmsed to 
think, that the ore of platinum has been formed in the rocks pretty much in the 
same manner and at the same period as gold, sometimes in veins, though j)erhaj)s 
even more commonly by diffusion through the mass. Being a much rarer mineral 
than gold, it is of course to be expected that a greater difficulty should prevail in 
accurately defining the origin of platinum ; the more so, when its cost of production, 
and the few uses to whicli it can be beneficially applied, have led to the abandon- 
ment of nearly all the Uraliau works, except those kept in activity by the Demidoff 
family. 

Other Gold Alluvia on the Eastern Flank of the Chain . — For an account of many 
of the numerous sites of gold worked along the east flank of the Ural, besides that 

‘ See Humboldt, Asie Centralc, torn. i. p. 517, where Baron Humboldt suggested this idea. " L’ab- 
gence totale,” sayg he, “ du quartz dans leg lavages qui renferment le platine seui a Nijiii 'Jagilsk, est un 
ffut tellement important, que Ton se demande si le peu de platiiie qui est mille 4 toutes les alluviouN au- 
rifbres appartient exclusivement 4 la m^mc source, a une duse'tnination primitive dans la serjjentine avec fer 
chromate, ou si I’on doit admettre que dans les lavages triis pauvres en platine le m5tal a ete origiiiairc- 
ment r^uni 4 I’or dans leg filons de quartz m^me, qui ont traverse les schisteg talqueux et chloritiques. 

* Reise nach dem Ural, 2 Abth. p. 212. 
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of Berezovsk, to vrhich we have briefly adverted, we must again refer our readers 

to t^e many excellent and minute details in the work of M. Rose. Whether in the 

zone, which is most eminently productive of gold (that which ranges by the eastern 

side of Nijny Tagilsk, and is probably the continuation of that of Berezovsk), or in 

the less productive zone nearer to the Ural crest, which extends southwards from 

the weft side of Nijny Tagilsk to the west of Neviansk, and includes the works of 

Rudiansk and Verchneivinsk ; or again in the auriferous zone much further to the 

east, — in all these tracts the phenomena are essentially the same. The allu- 
% 

vium is everywhere a coarse local detritus, varying in thickness from two to ten 

« 

and twelve feet, and usually covered by much stiff clay. The component stony 
fragments in each work necessarily vary, according to the nature of the adjacent 
rocks ; but in almost every case quartz is abundant, generally accompanied by 
pieces of highly crystalline chlorite schist, talc schist or clay slate. In one quarry 
or set of works, fragments of beresite or decomposed granite prevail, in another 
greenstone porphyry, in a third serpentine, in a fourth augite porphyry. Iron 
pyrites appear in one and not in another, but garnets, zircons, magnetic iron ore, 
chromate of iron, specular iron and other iron ores, are, with rare exceptions, com- 
mon to all these accumulations. One of the most remarkable of all these loose 
depositsi-between Nijny Tagilsk and Ekaterinburg, as illustrating our own views of 
the nature of the waters which must have been employed in accumulating such 
shingle, is cited by Colonel Helmersen on the left bank of the Neiva and Zavod 
lake of Neviansk. There the detritus of very great thickness occupies ground higher 
than any in the immediate neighbourhood, and is spread out in a direction almost at 
right angles to the little river Neiva, which flows at its foot. It is just such a 
massive pile of detritus as one of those which we have described on the west flank 
of the chain at Chrestovodsvisgensk. The upper layer consists of yellowish red 
clay, with a few rollers only and a little gold, from seven to ten feet thick; the 
next, of a dark red earthy mass in the upper end of the excavations, seven to ten 
feet ; and in the lower eight to nineteen feet, and spreading out over a breadth of 
320 feet, the whole being auriferous. This mass, observes Colonel Helmersen, is 
so rich in pebbles of white quartz, that in some places it resembles a quartz con- 
glomerate, whilst in other parts are many fragments of red quartz, clay slate, brown 
iron ore, serpentine, talc schiefer and white dolomite. That the quartz pebbles are 
the chief auriferous fragments, is placed beyond a doubt, for one quartz block was 
found to contain upwards of four pounds of gold. 
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Oold Alluvia at Soimanofak in the South Ural . — Let us now cast a glance over 
the gold mines to the north and south of Miask, on which some of the feafhres 
which bear upon our views are still better developed than in the North Ural. 
One of the most northern of these spots, called Soimanofsk, is highly interesting, 
as being situated upon a great line of igneous eruption and metamorphism, to 
which allusion has already been made. It lies, in fact, at the opening of % small 
transverse valley, close to the foot of the chain, in which masses of quartzosc and 
schistose rocks, with a very copious development of limestone enveloped in serpen- 
tinous and other eruptive rocks, are covered with a very great thickness of auri- 
ferous alluvia. A large portion of the auriferous gravel having been removed, 
the limestone has been exposed throughout a considerable area, as represented in 
this woodcut, and it is curious to observe to what powerful action its surface had 
been subjected before this detritus was lodged in it. 


c.-?. 



a. Beds of inclined liinCHtonc. h. Eruptive and Krrprntine rocks. r. (iold shingle or gruA el. 

r*. Excavation of tin* gold shingle. o. Bed of the nvulcl before the works were commenced. n. 'Hie present bed of the rivulet. 

The tops of the highly inclined beds are, in fact, rounded off’, and the interstices 
between them worn into holes and cavities, as if by the action of water. Now 
here, as at Berezovsk, mammoth remains have also been found, and they were 
lodged in the very lowest part of the excavation, at the spot to which the figure 
of a man is pointing in the above woodcut, and at about ffty feet beneath the sur- 
face of overlying gravel, before it was removed (see upper dotted line c*). The evi- 
dence at this spot seems therefore decisive of the fact, that the entombment of the 
mammoths was here accompanied by powerful local debacles, which filled up the 
depressions with the debris of the adjacent ridge'. To this consideration, however, 
we shall return in the sequel. 

' That streams like those which now flow could never have accumulated the immense mass of detritus 
here exposed, is seen by referring to the present small rivulet o, the bed of which has been lowered by 
the miners to the level ». 


3 B 2 
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Gold Mines South of Miask . — Amid the many auriferous tracts along the eastern 
flanks of the Ural, there is no one which has afforded greater wealth, none cer- 
tainly in which such large lumps of gold ore have been found, as in the tract which 
extends from the parallel of Miask to the south of the lake Aushkul, and is in- 
closed between the Ural-tau on the west, and the Ilmen ridge, or its prolongations 
on the* east. It is probable that a great portion of this gold ore has been derived 
from the breaking up of quartzose veinstones, which intersected the clay slate and 
chlorite schist of this region ; such veins having, in fact, been partially worked 
to the west of iliask (see Coloured Section, PI. III. fig. 1). The tract to which 
we now particularly invite attention, lies, however, to the south of Miask, and com- 
prehends the very productive mines on the left bank of the river Miass, or in the 
depressions watered by the streamlets Kutaranganka, Iremel, &c. Ascending the 
river Miass along a rich verdant valley, we were much surprised in having a site of 
gold ore pointed out in the very heart of a calcareous basin which occupies this 
portion of the valley, and between eruptive rocks both on the east and west. In 
some parts the cliffs forming the banks of the little stream are seen to be composed 
of hard and altered, but regularly bedded and jointed limestone, in which encri- 
nites are occasionally discernible, and in one of the denudations in this rock the 
gold werkings called Verchne-Miask have been established. The detritus here 
may be termed a heavy argillaceous breccia from six to twenty feet thick, in which 
blocks or fragments of limestone, varying from four inches to seven inches, and 
even to occasional slabs from four feet by two, are associated with smaller frag- 
ments of quartz, greenstone, chlorite, schist, &c. ; the whole resting on the dis- 
turbed edges of the limestone. Now the points to which we wish to call attention 
in reference to this detritus, are, first, that the smaller fragments are those which 
have travelled over the little valley on the west, whilst the larger are those of the 
limestone in situ, many of which have merely been re-aggregated on the spot ; and, 
secondly, that gold ore also occurring in the harder and other materials, is also 
said to be disseminated through this limestone ». 

The most productive of the gold workings of this tract occur in the undulating 
grounds on the western side of this valley*, where the depressions around several 

' This fact of gold being diffused through limestone, we mention on the authority of General Anosoff 
and Major Lissenko, who were there with us. 

’ M. G. Rose has given a very minute description of the nature of the detritus and subjacent rocks 
at many of these gold works. (See his Special Map of this tract, vol. ii.) 
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little conical hills, composed of serpentine, diallage and other trappsean rocks with 
slaty schists, rise up and form low counterforts on the eastern edge of the ^ral- 
tau. Little streamlets called Tashkuturgan and Kushkinovka, across cither of 
which a man can jump, are employed for the grinding and washing of this detritus. 

In order to satisfy the reader that the gold alluvia have been formed in an ancient 
alluvial period, when the relations of land and water differed from thos^ of the 
present day, we first annex a little diagram taken from a spot adjacent to the works 
of Zarevo Nikolayefsk. 

• G4. 



This drawing represents a conical hill upwards of 100 feet in height, chiefly 
composed of a slaty greenstone, from the sides and summit of whicli gold detritus, 
consisting of fragments of quartz veins, chlorite schist aiul greenstone have heen 
taken in greater abundance in and towards the dejuessions on the side*, though 
in smaller quantities all over the hill and even to its summit. Tliis fact, like that near 
Neviansk, proves, that, although the detritus is more or less local, it has been 
accumulated by an agency which carried it down in broad sheets, and distributed 
it over all the inequalities of the surface, lodging it on acclivities as well as in 
hollows. In the depressions, as might indeed be looked for, the greatest masses 
of detritus have been accumulated, and there only are they covered with a tfiick 
spread of clay. In these latter hollows, particularly around the Zavod of Zarevo- 
Alexandrofsk, the very heavy “ pepites ” or lumps of solid gold have been 
found (evidently portions of very rich veinstones or nests of ore) which have ren- 
dered this locality so celebrated'. At the period of our visit, t he heaviest of tlie.se 
” pepites ” (others of thirteen and sixteen pounds having preceded it) weighed 
twenty-four pounds sixty-eight zolotniks ; but since we left Russia a lump ol 
native gold was found in these works in 1843, which is now dejiosited with the 
others in the Museum of the Imperial School of Mines, and which weighs about 

* These working^ vary much in their value ; formerly they gave from tl to 10 zulutnika of gold |ier 
pood of gravel, now they afford 1^ zolotnik only. For the equivalent of Ilusiiiaii weights, see p. 477. 
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seventy-eight English pounds * ! This may fairly be called the largest gold boulder 
which was ever washed away from a rock ! Large lumps of gold are, however, 
to be considered as exceptions in the Ural, and most of those which are of any 
magnitude have been found in this one small tract watered by the Tashkutur- 
gan rivulet, and collected at the adjacent works of Zarevo-Alexandrofsk and 
Nikolayefsk. 

It forms, as before said, no part of our design to enter either into the mineralo- 
gical or statistical details connected with these gold mines *. Referring the reader 

I 

to the mining map of this district, published by M. Rose, we simply beg to call 
attention to bur rude drawing of a portion of the works a very little to the north 
of a monument erected to commemorate the visit of the Emperor Alexander in 
1824. 

G5. 



In clearing away the auriferous detritus, here from ten to twelve feet in thick- 
ness, portions of the fundamental rock were laid open, the surfaces of which are 
so hollo'wed out into cavities, as to leave no doubt that, like the previous example 
(p. 487), they must have been subjected to very considerable erosion by water, 
though, for reasons which we shall presently assign, we believe that this effect 
was produced at an ancient period, and not when they were buried under the coarse 

* The first mentioned of these specimens was found on the occasion of the visit of the Emperor 
Alexander to these mines, when the little monument represented in the above woodcut was erected. 
The large pepite was found at some depth in the alluvia on which one of the old buildings had been placed. 
See Major Oserkys* description of this and other Russian " pepites”; Kais. Russ. Min. Oesell. Jalir 
1844, p. 70, with figures of the two chief lumps of gold. 

* M. Rose states that upwards of 100 localities in the Miask district are auriferous. 
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gold shingle and drift which surround them. The chief of these projecting bosses 
of rock consisted of greenstone passing into a large concretionary felspar /bck, 
and in contact with these trappsean masses are veinstones of quartz and calc spar 
in talc schist, &c. These, in short, as well as various others along the eastern edge 
of the Ural-tau, are the rocks out of which the auriferous detritus has been de- 
rived ; and in the great mass of local drift we see quite enough to convince us 
that it must have been got together during long periods of attrition and atmo- 
spheric action. To this coarse and ancient detritus, the existing water-courses have 
simply this relation, — that they have partially hollowed out channels in it, just as 
the rivers of England and France have worn their way through the ancient gravel, 
which is there spread over low and broad expanses, whether former estuaries or 
rivers of those countries. This observation applies, indeed, to every heap of 
auriferous detritus on the Siberian flank of the Ural. 

If it were our object we might describe other auriferous localities wliich we 
visited, such as that of Cossatchi-datchi, where the gold detritus is lodged against 
the foot of the carboniferous limestone, whose fossils and condition have been de- 
scribed, and of the Mindiak river between Vcrch-Uralsk and the Ural-tau on the 
west ; but we have already said more than enough for th(i objects of our general 
reasoning*. • 

In the South Ural, then, as in the North, the remains of mammoths. Bon UruN, 
and Rhinoceros tichorhirms* are found in all the coarse detritus ; but as that only 
which is auriferous is cut into, the bones are seldom detected out of the line of the 
gold works. The Bashkirs, indeed, attach a superstitious feeling of respect to 
these bones, and have been known to say to the Russian miners who first settled 
among them, “Take from us our gold if you will, but for God’s sake leave us*the 
bones of our ancestors’.’’ 

* In the southern Bashkir districts the upper drift of the country is often comjiosed of hhiek earth, that 
substance coverin^^ the coarse shinj^le, just as the yellow or grey elay surinount.s it in tlie north. Such 
examples are clearly displayed in the valley of the little river Mindiak, between Verch-UnilHk and the 
Ural-tau. In short, no one can have east his eye over the adjacent regions of Hiberiu, without seeing 
that this black earth or *‘tehomozem" is there the most recent of the alluvial accMirnuhitioiiM, as it 
never surmounted by but always overlajis the coarser alluvia which we have been considering (see the last 
Chapter). 

* From a description of Pallas it is believed, that remains of mastodon have also been found in the Ural 
Mountains. They have certainly been found in Southern Russia (see ]>. 503). 

* The Samoyedcs (as Count Keyserling learnt in his tour to the Petchora) have a most singular belief 
respecting the mammoth, which would lead us to suppose, that many entire forms of the animal may from 
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Habitation and Destruction of the Mammoths . — Though mammoths occur in cer- 
tain* quantities on the flanks of the Ural, thus leading us to believe, that when alive 
they inhabited the tract where their skeletons are entombed, it must be recollected, 
that as by other proofs we have already endeavoured to show the comparatively 
recent elevation of the Ural crest, this region cannot be looked upon as having 
been rtndered highly mountainous until the very period when great numbers of 
these animals were destroyed — a destruction which we believe to have been mainly 
accomplished when the present watersheds between Europe and Asia were deter- 
mined. 

Let us suppose, then, that the mammoths and their associates ranged over these 
hills, when they formed the elevated edge of an eastern continent. Further, 
let it be assumed (and this, indeed, is quite in accordance with the physical 
features of this region), that the greater number of the broad depressions which are 
now filled with auriferous and mammoth detritus were then occupied by lakes, in the 
grounds around which these extinct quadrupeds had long lived, and into whose 
shores or bottoms their bones had been washed for ages, and we shall then have 
before us the conditions which will best explain the Uralian phsenomenon. No 
one can observe what .the Russian miner has accomplished, by damming up the 
existing.rivers, and thus forming artificial lakes in every sinuous tract in which 
ores are worked, without being naturally led to the idea which we suggest, that 
larger and deeper lakes were formerly in existence, — lakes, in fact, which in still 
more primaeval times fed the great rivers that washed the Permian detritus to the 
sea then existing upon the west. Granting these premises, all the relations of the 
Uralian mammoth alluvia may, it appears to us, be rationally explained ; for in 
soriie of the most violent movements of elevation which gave rise to the present 
central watershed, we may readily conceive how, their barriers being broken down, 
these lacustrine waters were poured oflf, and how their shingly bottoms and shores, 
already containing bones of mammoths, were desiccated and raised up into the 
irregular mounds which now constitute the auriferous alluvia. The very nature of 
the auriferous shingle, with its subangular fragments, so completely resembles the 
detritus of lakes, and is so unlike the gravel formed on the shore of seas, that 

time to time have been known to them or their predecessors. The mammoth of their legend is a great 
subterranean monster delighting in ice caverns, and to whom they attach a superstitious reverence, believing 
that the man who exposes the creature to day, thereby kills it and brings misfortune on his family. This 
serves to explmn, why it is so difficult to obtain, through the natives, the disinterment of an entire animal. 
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independent of the entire absence of any marine remains whatever of tertiary or recent 
age, all along the immediate eastern flank of the Ural mountains, we have no 
hesitation in believing, that the gold detritus was accumulated during a terrestrial 
and lacustrine condition of the surface. One fact only which we have mentioned 
seems, at first sight, to militate against this view, viz. the deeply eroded surfaces 
of some of the palaeozoic rocks. But however these appearances may have been 
produced, it is manifest they could not have resulted from the denuding action of 
the same water, in which the shingly and slightly rounded angular detritus was 
formed. Such abraded surfaces may, to a great extent, have been produced, 
at periods long anterior to that of which we are now treating, and when the edges 
of the palaeozoic strata, first emerging from beneath the sea, left their irregular 
and water-worn surfaces to be filled with terrestrial and lacustrine deposits of 
after-days. 

In some cases, however, the denuding and abrading power of waters, produced 
both by the bursting of lakes and the change in the direction of the currents, 
must have been very considerable, for such alone would account for several of the 
appearances we have spoken of, and the transport of large blocks and enormous 
pepites of gold into broad lateral depressions. • 

In proposing a lacustrine entombment for the Uralian mammals, wc sRe borne 
out by the constant position of thick masses of silt and clay overlying the coarser 
shingle. If the deposits had been submarine — even if no traces of shells were 
visible, there might have been some indications of the action of the waves — some 
appearance of a coast-line : but nowhere can the geologist imagine such a former 
state, W'hilst the superposition of the clay to the shingle is best explained, on jthe 
hypothesis of formation under lacustrine or broad fluviatile conditions, which even- 
tually assumed a tranquil character. Such, in fact, are precisely the cases of the 
great valleys of the Rhine and the Danube ; and just as we have imagined that the 
mammoth lived in those Uralian tracts, when the adjacent parts of Siberia were 
occupied by lakes, so do we suppose that the like animals, whose bones are found, 
both in the coarse shingle of the Rhine and in the overlying loss near Baden- 
Baden, once lived upon the grounds which now constitute the Black Forest and 
adjacent Alpine tracts whence the detritus has been derived. With evidences 
of internal lakes and ancient rivers, in which the bones of some of its ancient 
quadrupeds were lodged. Great Britain, though evidently also the abode of mam- 
moths, is distinguished from the Ural and Siberia, in exhibiting around its coasts, 

*3 8 
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andjeven far into the interior, the proofs of the abode of the sea or marine estuaries 
during long periods. 

But we now return to the Ural. A former terrestrial surface on which the great 
quadrupeds lived for long ages, and the rupture and desiccation of adjacent lakes, 
coincident with some of the last elevations of the chain, will, we are convinced, 
best ex*plain the condition in which the remains of the mammoths are left buried 
on the edges of the uplifted ridges of the Ural, as well as in the low lands and great 
estuaries furthest removed from them. In the depressions at the very foot of the 
chain, the mammoth skeletons are broken up, and their bones, together with those 
of Rhinoceros tichorhinus and Bos Urus, are rudely commingled in the coarse shingle, 
derived from the mountains or in the clay above it. In proportion, however, as 
we advance into the plains of Siberia or descend into the valley of the Tobol and 
the Obe or their affluents, these bones increase in quantity, and are at the same 
time in much better conservation. Even in the flat country of Siberia, about 
thirty versts eastward of our excursion on the Issetz (see p. 36 G), Pallas mentions 
the occurrence of teeth, vertebne and bones of mammoth and remains of fossil ox, as 
having been found abundantly by the peasants at several localities near Tamakulsk 
and the source and banks of the little streams Atish and Suvarish, both tributaries 
of the Issetz. He also gives (from the information he received) a detailed account 
of the order in which various beds of sand and clay there succeed to each other, 
and in which sharks’ teeth and palates of Ashes also occw. Hence he concludes, 
that the beds in which the bones were found formed the bottom of an argillaceous 
sea, and that certain sandy, micaceous materials in superior beds were washed 
down from the mountains. Now we cannot for a moment suppose that the great 
naturalist could have been mistaken in the marine character of the Ash remains ; 
but as he did not visit the spot himself >, there may still be some doubt that the 
mammoths’ bones occur in the very same beds with the fossil wood, sharks’ teeth, 
&c. ; for these, we apprehend, must certainly belong to the tertiary deposits of clay, 
sand, lignite and millstone grit of which we took leave at Kaltchedansk, and which 
appear to extend widely into Siberia. That deposit is, we must think, of higher an- 
tiquity than the detrital accumulations which inclose the mammoths. However this 
may be, the further the Siberian rivers are followed towards their mouths, the more, 

' Pallas derived his information respecting the order of the beds and the position of the remains at 
and near Tamakulsk from Colonel Bibikoff, Director of the Forge of Kamensk (see vol. ii. p. 392 
French Ed.. 1793). • • r- 
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we repeat, do the mammalian remains increase', until at length whole skeletons 
have been found entire, some with all the flesh and hair adherent. Unwilling, 
as we always were, to adopt the idea of Cuvier and other eminent geologists, 
that entire mammoths with their skin were killed and preserved by a sudden 
change of climate, we now distinctly advocate the views of Lyell and Humboldt, 
that these creatures were the denizens of countries near to which their bdhes are 
found*. 

The single fact of the very wide diffusion of mammoth bones over the surface 
of such enormous regions of the earth, would in itself lead us to believe, that those 
creatures had really been long inhabitants of such countries, living and dying there 
for ages, whilst their final destruction may have resulted from aqueous debacles 
dependent on oscillations of the land, the elevation of ridges, and the formation 
of much local detritus. In the case of the extinct species of Carnivora, it has been 
happily and successfully shown by Dr. Buckland, that for long ages they iiiliabitcd 
the caves of the British Islands. Again, in low tracts of Yo»-kshire, where tran- 
quil lacustrine deposits have occurred, their bones (even those of the lion) have 
been found so perfectly unbroken and unworn in the fine gravel in which they are- 
heaped up (as at Market Weighton)'*, that few persons would be disposed to deny, 
that such feline and otlier animals once roamed over the British Isles as well as 

’ SujefF, the associate of Pallas, found these mammalian remains in threat abundance on the hanks of 
the Obe, near the mouth of the Pittiarski and 150 versts south of Berezof. (Pallas, vol. iv. p. 50.) 

* For some time the frozen mammoth found by Adams and deposited in the linjierial Museum at St. 
Petersburg was an unique sjiecjuien. Since then two other examjiles have been rej)orti‘d, and one of 
these is, we are informed by Mr. Frears, on the point of arriving at the museum of Moscow. 'J'he (;on- 
servation of the skin is, indeed, ii« -r jieculiar to the mammoth, but also applies to the Rhintwiroa lichorTiinus, 
portions of whose skin and hair are still adherent to the bones of a fine sjiecimen of that animal preserved 
in the Museum of Natural Histury at St. Petersburg, and deposited there by Pallas. On n^ferring jier- 
sonally to Baron Humboldt since the publication of his work on Central Asia, he expressed his opinion, 
that the perfect conservation of tlie skin, raustachios and whole body of Prince MeiizikofF, buried UK) 
years ago in Siberia and accidentally disinterred, ought to satisfy us respecting the conservation of the 
mammoth by simple reference to the climate of that country. 

* The researches of the Rev. W. V. Harcourt and of Mr. H. E. Strickland arc most irnjiortant in 
showing (the former at Market Weighton, the latter at Cropthornc on the Avon) the eo-existen(?e of the 
mammoth. Bob Urns, rhinoceros, hippopotamus, lion, bear, tiger, hyaena, deer, &c. (all of H[K'cies distinct 
from those in existence), with land and freshwater shells, nearly all of which are identical with species 
new living in Britain ; thus proving, that no very great change of climate has taken place since these 
animals were contemporaneous (see Proceedings of the Gcol. Sue., 1 834, Silurian System, p. 554, and Phil. • 
Mag.. Sept. 1829 and Jan. 1830). 


6 s2 
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Other European countries. Why then is it improbable, that large elephants, with 
a pecuUarly thick integument, a close coating of wool and much long shaggy hair, 
should have also been the occupants of wide tracts of Northern Europe and Asia' ? 
At one time it was deemed expedient to imagine a sudden fall of temperature in 
order to account for the peculiar conservation of these creatures, by which they were 
supposed to have been at once frozen up in the mud into which they had been 
washed, or the morasses into which they had sunk. 

The discovery, indeed, of a Rhinoceros tichorhinus by Pallas, with its skin and 
flesh adherent, upon the banks of the Viljni, a tributary of the Lena (a portion of 
this rhinocei'os, with the skin and hair adherent to the sides of the head, are 
now to be seen in the Museum of Natural History at St. Petersburg), and still 
more the subsequent acquisition of the entire carcass of a mammoth, on the banks 
of the Lena in lat. 70° N., by Mr. Adams, the details relating to which have been 
so fully given by geologists of all countries, naturally, indeed, led to such ideas. 
Convinced, by their perfect preservation, that these animals must have lived in 
or near the countries where their bones are found, Cuvier declared it to be his opi- 
nion, that they must have disappeared by a revolution which at once destroyed 
all the individuals, accompanied by a sudden change of climate. 

In England this view was very ably sustained by Dr. Buck! and, and particularly in 
his memoir on the fossil remains which occur in Eschscholtz Bay, and other places 
on the east side of Behring’s Straits*, where vast quantities of mammoths’ bones 
occur in mud cliffs, apparently similar to those of the mouths of the Lena and 
other great rivers in Northern Siberia. So long as geologists were compelled to 

argue upon the nature and habits of the mammoth, as if it were similar to an 

« 

Asiatic elephant, the opinions of such great masters were necessarily dominant. 
Mr. Lyell had, however, the courage to lead the way in taking a new and highly 
philosophic view of the subject by suggesting, that the peculiar covering of these 
great mammals rendered them fit inhabitants of a northern climate, and that no 
greater catastrophes were required to account for their destruction, than the gradual 
elevation of large masses of Siberia, which laying dry the low shores and estuaries 

‘ ITiis coating, Dr. Fleming haa well remarked, was probably as impenetrable to rain and cold as that 
of the musk ox of the polar circle, Bdinb. New Phil. Joum., No. 12, p, 285. 

* See Beechey’s Voyage to the Pacific, vol. ii. Appendix, p. 693. Besides the abundant remains of 
‘ mammoths, Dr. Buckland describes tliose of Bos Urtu, deer and horse. They occur in clifis of mud and 
sand about 90 feet high, which are usually much congealed and frozen. 
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into which their bones had been washed, would necessarily render the climate much 
more intensely cold*. 

But even if it be admitted that the climate must have been more mild when 
mammoths lived than at the present day, there still occurred the obvious diffi- 
culty, that without some entire change in the nature of its vegetation, of which 
the surface of Siberia offers no indications, by no possibility could a greaf phyllo- 
phagous, or branch-eating animal like the true elephants (which require rich Asiatic 
jungles for their sustenance), have lived in a region of fir-trees, birch, willows and 
moss. Comparative anatomy and physiology have here, however, fortunately 
come to the assistance of the geologist, and in this, as in many other of his 
darkest paths, have been his surest beacons. Examining and comparing the 
composite structure of the very numerous teeth of the mammoth. Professor Owen 
has ascertained that they possess a peculiarity in the greater proportion of tlie 
dense enamel, which essentially distinguishes them from the teeth of the Asiatic 
or African elephant, and which specially provided the mammefth with the means of 
subsisting upon the coarser ligneous tissues of trees and shrubs. In short, this 
great zoological authority, combining the consideration of the peculiar structure of 
their teeth with the nature of their epidermis and coverings, has come to the con-^ 
elusion, that the mammoth was, by its very organization, a meet companion for 
the rein-deer and other inhabitants of the north* ! 

Applying the views (Jf Humboldt, we might well admit, that the rise of the Ural 
and Altai mountains, and with them of enormous mas-ses of the continent of Asia, 
must have so refrigerated Siberia, that its forests, which in the halcyon days of 
mammoths may have extended in certain promontories to near the Icy Sea^had 
necessarily shrunk back to their present limits, and left these coasts entirely to the 
rein-deer and its mosses. But to require our belief that the mammoth ever lived 
in the northernmost tracts of Siberia is uncalled for, since geologists well know 
that the wide and low tracts of Northern Siberia, in which its remains are most 
abundant, were then evidently beneath the sea, and the bones must have been 

' There is no portion of Mr. liyell’s Hpeculations upon ancient physical pcogruphy which has impressed 
us with greater respect for his talents, than his view of the ada])tation of the inaiiimotlis to a residence 
in the former Siberia ; and we rejoice that the geological evidences wc have brought to hear upon the 
question essentially sustain his inferences. See Lyell, Principles of (ieologj', 4th Ed. vol. i. pfi. 141, 150 
et seg., where the whole question is discussed with references to Ur. Fleming and other zoologists. ^ 

• See Owen’s History of British Fossil Mammalia and Birds, 1844, p. 261 el eeq. 
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drifted thither, and possibly for some distance*. Yet if we suppose, that these 
animals lived on certain lands, as in the Ural and the north-trending chains, up to 
60° and 66° N. lat. (which facts and physical conditions warrant), we are still in- 
debted to Professor Owen for having removed the greatest of all the difficulties 
which previouslye nvironed the problem ; since there is no longer any objection 
to the mammoth being an inhabitant even of the Arctic Circle, provided (and there 
are still such examples in Europe) fir-trees and shrub-like vegetables could exist in 
such latitudes. 

From the physical structure of the region we are indeed entitled to suppose, that 
not only the Ural and Altai mountains, but also* their advanced northern ridges 
and plateaux (a half or two-thirds of Siberia), formerly constituted a region covered 
with forests, like those of the Ural, in some parts, and with brushwood steppes in 
others, Ironi which whole herds of mammoths, as suggested by Mr. Lyell, would 
naturally migrate in the summers (even now intensely hot) to the embouchures 
of the great strearali and edges of the then Arctic Sea. Such might have been, 
we may add, the position and condition of some of these creatures at the periods 
when, as we have imagined, the highest ridges of the Ural were thrown up, fol- 
lowed by the rupture of many lakes, and the consequent inundation of large tracts of 
the flat country, previously frequented by these great herbivorous animals. During 
their long occupancy of these lands, myriads of their carcases must doubtless have 
been washed down by the rivers and buried in local mud "and alluvium, — in such 
positions, in fact, as they are found along the banks of the Sosva and the tribu- 
taries of the Obe, before alluded to. Others reaching the mouths of the streams, 
may easily have been transported into the estuaries, and even, by the power of 
such volumes of water as are poured forth into the glacial ocean by the Obe, the 
Yenisei and the Lena, borne out far to sea and there lodged on former mud 
banks, which now constitute the shores of New Siberia, where thousands of bones 
of these mammals are interred®. If the power of drifting the bodies of animals to 

■ Marine remains were found by Pallas, associated with mammoths’ bones, in numerous places in and 
about 70® N. lat. 

* See Admiral Wrangel’s Voyage for a description of the sands and mud of the "Tundra” (evidently 
all ancient marine sediment) in which the mammoth bones are found on the continent, including his com- 
panion Anjou’s account of their enormous quantity in the isles of New Siberia (English edition, translated 
by Mrs. Sabine). 
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great distances be assigned to any rivers (and mariners have seen floating carcases 
in the ocean very far removed from the lands from whence they came), m no 
part of the world is it more probable, that such operations may have been carried 
on upon a gigantic scale, than from the northern shores of Siberia, where such 
enormous rivers must have continuously extended their influence to several de- 
grees of latitude beyond their mouths, and where the nature of the climafl; is sin- 
gularly favourable to the conservation of animal substances. 

And here let us say a word more on the ancient physical geography of this region. 
Such as are the present north-flowing courses of the great Siberian rivers, such we 
affirm they must have been from the very earliest periods, — from the lime, in short, 
when the paleeozoic rocks constituting the Altai and Ural Mountains and their 
dependencies were raised into dry lands, never more to be depressed beneath the 
waters of the ocean. Infinitely the loftiest and the grandest of these chains, the 
Altai with its snowy peaks (yet void of glaciers) ranging fronj west to eas*t, is the 
great southern watershed from whence the Siberian rivers imi.st, we say, have 
flowed from south to north during long ages, whilst the peculiarity of all the great 
counterforts or advanced ridges of that mighty chain, consists in their being com- 
posed of palaeozoic, metaniorphic and igneous rocks, whkdi ecjually extend from 
south to north in a number of long, low meridian, parallel ridges. 'ri*i*se north 
and south ridges, of which the Ural is the westernmost, thus encase each river, and 
preventing its flexure t» the east and west, have necessarily determined its course 
to the glacial ocean, from epochs long anterior to the creation of a mammoth. 

Looking to their low altitude above the sea, tluiir muddy and sandy compo- 
sition, and also to the discovery by Pallas of marina remains in many of them, we 
must believe that all the low promontories between the Obe, the Yenisei ‘ and the 
Lena, which lie northwards of the ancient ridges and plateaux, wercj under the 
waters and estuaries at the periods when the inannnolhs ranged over the Ural, the 
Altai and the adjacent regions of Siberia, then above the sea^ Such of these 


* We write Yenisei, like all other RuMsiari words, as it is pronounced. The German J, ns used hy 
Pallas and the early German explorers of distant parts of Russia, has unluckily found its way into all 
Enj^lish maps. Pallas states, that the fossil bones which fall from the hi»^h cliffs of the Yenisei, ojiposite 
Krasnoyarsk, are so numerous, that or decomposing they form a substance which he calls Osteocolle.'* 
(Vol. iv. p. 443. Fr. Ed. See also Appendix to Bcechey’s Voyage.) 

* The definition of the outlines of the land and sea during the mammoth period, or the extent to which 
marine estuaries entered into the continent of Siberia, including possibly even a separation of the Ural 
from the Altai, can alone be determined by the united labours of many observers. If the data of Pallas 
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creatures as were entombed in masses of tenacious clay at the mouths of these 
estuaries would necessarily be preserved almost intact, whilst the desiccation and 
elevation of such mud-banks, accompanied by an increase of cold, due to the raising 
up of a large terrestrial surface like Siberia, would thoroughly well account for the 
occasional conservation of their thick hides and much of their animal matter. 

Whefiier, then, we argue from the evidences presented to us in the Ural chain 
and its flanks, from the ancient geography of Siberia, or from the natural history 
of the mammoths, and their adaptation to existence in the same parallels of latitude 
as those in and near which they are now found, we can, it appears to us, arrive at 
no other conclusions than those which we have endeavoured to sustain, and which, 
in fact, do not imply even as great an oscillation of land within this comparatively 
modern period, as would be required to explain the surface phsenomena of most 
other parts of Europe with which we are acquainted. In truth, the uprising of 
Siberia en masse” to the height of one or two hundred feet above its general 
level when mammoths lived, will amply sufiice to explain both the desiccation of 
its northern shores, into the mud of which the fossil terrestrial remains had been 
washed, and the increased cold over that vast mass of continental land. 

In the meantime we may repeat, that whether discovered in the gravelly detritus 

or clay ok, either flank of the Ural, in the high banks of the great streams which 

respectively flow into Asia and Europe, or in still greater quantities on the sides 

of the estuaries of the great Siberian rivers upon the glacial ocean, in all cases we 

find the mammoths entombed in materials which, whether coarse lacustrine shingle 

near the mountains, or mud and sand at a distance from them, all announce in the 

most emphatic manner, that these great creatures lived in lands adjacent to lakes 
* 

and estuaries, in which during long ages their bones were interred, and were some- 
times carried out to sea and commingled with oceanic remains. 

Though we now take leave of the Ural chain, we will terminate the subject which 
occupies us, by giving a very brief sketch of the manner in which the great extinct 
mammals are distributed over European Russia. 

Fossil Quadrupeds of Russia in Europe . — Far from being peculiar to the Ural 


respecting the grounds on the lower region of the Issetz river (p. 490 ) be sustained, then, indeed, we see 
no reason why a very considerable tract to the south of that river, which is covered with black earth, 
may not also have been under an arm of the sea at that period. At the same time we think that the 
granitic hills between Miask and Troitsk and the chain of Kara«£dir-tau, both of which are destitute of 
any traces of marine sediment, must have then been above the waters. 
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Mountains and Siberia, the remains of mammoths and other lost quadrupeds Ijpve 
been found over very considerable regions of Russia in Europe. Pallas had long 
ago mentioned several localities where such mammalian remains have been ob- 
served. Though we ourselves are acquainted with situations in which they have 
been found in the governments of Moscow, Vladimir, Perm, &c., we best know 
them through the collections formed in the Imperial Museum of Natural History 
of Moscow, where, under the auspices and direction of our venerable friend Dr. 
Fischer, they have obtained a just celebrity. , 

In Russia, as in every other great region which has been examined, the races of 
lost mammals present some types which connect her former lands with those of 
other countries, associated with forms which are peculiar to her. Thus, whilst in 
common with America, Russia contains the mammoth and mastodon, and, in 
common with Britain, the Elephas primigenius. Rhinoceros tichorhinus, Trogonthc- 
rium, beaver, bear, elk, &c., she once possessed generic forms, as Merycotherium 
and Elasmotherium, which have not, hitherto, been found elsewhere. Russia is, 
indeed, as peculiar in her possession of the latter extraordinary pachyderm as 
South America is for the Mylodon and GlyptodonK 

The lost races of mammals which have been detected in Russia in Europe, are 
found, W'e have said, in exactly the same sort of detritus as that in winch they 
occur in the flat northern tracts of Siberia, or near the mouths of its great rivers. 
In all the central and southern parts of European Russia, there are no high ridges 
of elevation, and consequently no coarse local detritus, like that on the flanks 
of the Ural, so that the mammoth alluvium assumes the same aspect as in 
the distant plains of Siberia, where it is equally removed from- disturbing causes. 
Here, however, it is e(iually evident, that such alluvium has been the result of 
currents of water, for it is piled up, and often tumultuously, in great thicUnesses, 
and constitutes the chief banks of most of the streams, as well as the covering of 
numerous plateaux. Occasionally, indeed, the coarser clay drift passes upwards 
into finely levigated silt, which in certain tracts may be represented by the rich 

' The geological position of Lophiodou Siberirum, which is stated to have been found in a calrareoun 
formation in the government of Orenburg, is doubtful ; if it be miocene or eocene, it accords with the beds 
containing Lophiodon in Continental Europe and England. Elasmolherium may be said to l)e as peculiar 
to Russia as Mylodon, &c. to South America ; but we are informed by Professor Owen, that there are no 
existing analogues in Siberia to illustrate the Elasmotheriam, like the Sloths and Armadillos of South 
America, which explain the afiinities of the Megatherinn animals. See Professor Owen s most remark- 
able work on the Mylodon (4to. London, 1842). 
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bla^ earth or tchornozein, of which we shall treat at some length in the last 
chapter. In illustrating the ordinary character of the mammoth alluvia of Euro- 
pean Russia, we cannot, perhaps, do better than cite the example of Taganrog, 
because, exceedingly remote from the regions we have been considering, and, in- 
deed, from any mountains, it there forms the summit of abrupt cliffs on the Sea of 
Azof, its relations to the underlying strata being well-exposed. The annexed view 
of Taganrog from the west, is given to show that the underlying tertiary limestone 
of the newer Miocene age (see description and woodcut, p. 296) there forms the 

66 . 



base of the cliffs (c), the rocks of which, rising to about twenty feet above the sea, 
are covered by finely laminated sands, as represented by the whitish band (&) in 
the cliff, which arc charged with fluviatilc shells, little differing, if at all, from those 
now inhabiting the adjacent river Don. Above this, and occupying a thickness of 
about fifty feet, is the clay drift («), as indicated by the sloping bank, in which the 
mammoth bones are interred, some very fine and well-preserved specimens of them 
hawing been found exactly at the period of our visit. This mammoth drift is just 
as completely separated from any deposit resulting from existing agency, as the 
auriferous detritus and coarse clay on the sides of the Ural hills, or as the high 
mud-banks forming the cliffs of the great Siberian rivers and estuaries, for it covers 
the whole of the coast plateau, the present adjacent river Krinka and the Sea of 
Azof being 100 feet beneath it. In truth, like similar drift over wide spaces of 
Central and Southern Russia, it is distributed at various levels, and most clearly 
indicates considerable submergence at the period when these animals were de- 
stroyed. Such facts as to the nature and distribution of the entombing materials, 
which occupy cliffs high above the valleys, compel us to believe, that the greater 
part of this low continent, unlike the Ural and the higher portions of Siberia, was 
not dry land during the existence of the mammoths, or in the period immediately 
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antecedent to our own ; but was then rather in the same subaqueous condition as 
the low lands of northern Siberia, when the mammoths’ bones were tlicre trans- 
ported into estuaries. Hence, we think, that many of the mammalian remains 
to which we now allude, may have been transported into adjacent takes and estu- 
aries by rivers, and in some instances carried out ejreat distances to sea from the 
surrounding lands, — the Ural (including a large tract of Permia) and Siberia on the 
east, the Crimjea' and Caucasus on the south, or the Carpathian Mountains on the 
west. , 

But besides these former encompassing lands, there are certain tracts within 
Russia, which though now of no great altitude, are so exempt from debris and drift, 
that it is natural to infer they may have formed low islets in the ancient waters 
which covered the great mass of the present lands. This view we would support 
by an illustration drawn from natural history and the nature of the ground.. 

Of all the remarkable quadrupeds which ranged over the former continents, one 
species only now remains alive (and this ])oint even is doubtfid *) to connect the 

' See DemidofF, Voyage dans la liussic Mdridionalc, vol. ii. The reader will there find an aeeount of the 
remains of hones of mammoth, hos, Ursus sprla^us, horse, Ike,, as interred in a reddish-eoloured argilhieeuuH 
drift near Odessa (Terrain Clysmien), which covers the surface and enters in1;o the clefts of the subjacent 
tertiary or steppe limestone. AI. Huot, the author of that descrijition, refers tliis deposit to^acustrine 
waters. He also found the Mastodon angustidens associated with the mammoth at Kamisch Hunin, near 
Kertch, These animals lived, of course, in the adjacent high grounds of the Caucasus and ('riinfea (see 
our remarks thereon, p. 304 ). 

® Notwithstanding the deep interest attached to the Bos Aurochs, which may, we suppose, jirove to 
be the only existing remnant of the great quadrupeds of former days, there docs not exist a single 
skeleton or stuffed specimen of the S])ecie8 either in France or tlie British Isles. As far as Kngland is 
concerned, this reproach is about to be removed through the munificence of the ICmjieror Nicholas, w^io, 
at the request of Mr. Murchison (graciously supported by His Imjierial Highness the Grand Duke Mi- 
chael), has directed that a fine animal, selected from the unique herd now living in the forest called 
Biolavieja, should be killed, and his skin and skeleton sent to the Museum of the Iloyal C-ollege of 
Surgeons. It may not be known, that without a stringent ukase to prohibit its annihilation, the pea- 
santry of Lithuania would long ago have extenninated this noble species. I'hough we have been Jed to 
believe in the specific identity of this Lithuanian Aurochs with the extinct IJrus (Urus priscus of llojanus 
and V. Meyer), that opinion is not generally admitted. But we may hope that the question will be set at 
rest, as soon as Professor Owen has the means of testing it. If the living Aurochs be the real descendant 
of the great fossil animal, it might, judging from the usual difference of size, be considered to have 
degenerated ; though in the Museum at Warsaw, where we have seen three specimens which are there 
preserved, one of them is nearly double the size of the other two. We ourselves procured a very remark- 
able front and horns of the Bos Aurochs, found in the gravel west of Perm with mammoths’ teeth, and 
M. Hommaire de Hell also found a fine head of the same in the stepi^es between the Sea of Azof and the 
Caspian. 
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historic sera, or the present outline of the land with that which preceded it. This 
is the Bos Urns [Aurochs), ov primaeval ox, whose bones are so frequently associated 
with those of the mammoth in different parts of Russia and many parts of Europe. 
But if the species be the same, how has this exception been made, and how have 
herds of these oxen been preserved in a living state ? Looking at the forest of 
Bialavieja* in Lithuania as the only locality in which this species now exists, and 
seeing that it is not far from the edge of the southern granitic steppe, we cannot 
avoid theorizing on a contingency by which some of these creatures may possibly 
have been preserved. That granitic steppe, the rocks of which we know to be of 
the highest antiquity, since they have even afforded materials for the construction 
of some adjacent Silurian strata, is in many parts so completely devoid of all 
superficial covering, and so entirely differs in that respect from the thickly- 
overspread tracts upon its north and south, as to justify the inference, that it was 
never depressed beneath the waters since the beginning of the palaeozoic aera, but 
escaped the submersions which affected all the surrounding regions of Russia in 
Europe. Some individuals of the Bos Urus may therefore, we conceive, have been 
dwellers in this granitic ridge until the retirement of the surrounding waters 
enabled them or their descendants to repeople the new jungles and forests of the 
fresh-fo?med ground, and thus we could explain, by reasoning from geological ap- 
pearances, how it happens that they are now found living in the forests of Lithu- 
ania. Attaching, however, no great value to this speculation, which may prove 
useless, if the living species is found to be different from the extinct, we leave it 
to naturalists to say, whether, under circumstances of great and probably sudden 

• 

* Count V. Krasinski, the author of the ‘ History of the Reformation in Poland/ prepared, at the 
request of our friend Colonel Jackson, a very interesting account of this forest and its inhabitants, from 
which we extract the following data. The forest of Bialawieza (Bialavieja) is in the government o 
Grodno on the river Narevka, and lying between the towns of Orla, Shereshef and Prujany, occupies a 
space of about 29 German, or 145 English square miles (see Map, PI. VI.). Having been an ancient 
hunting-ground of the kings of Poland, it has been preserved in its wildest pristine state. The Aurochs 
(Zubr in the Polish language) was always peculiar to Lithuania^ if not to this very forest. According to 
the earliest records, it was clearly distinguished from the native wild ox or Tur (an animal possibly similar 
to the wild oxen of Chillingham in Northumberland), which appears to have been much more common, 
even in the 16th century, than the Zubr or Aurochs. An ancient picture, in the possession of the last 
king of Poland^ represents King Ladislaus Jajellem presenting a live Zuhr to the fathers of the Council 
of Constance ! thus proving that it was very rare in the beginning of the 15th century. (See also M^m. 
D68crip. sur la For^t de Bialawieza par le Baron de Brinnen; published at Warsaw in 1828, at which 
time it was believed that 875 head of Zuhrs were still living in the forest.) 
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change of land and water', and other difficulties dependent on a limited subsist- 
ence, the Aurochs or Zubr of Lithuania was not, from his activity and hardy h5il)its, 
more likely to have survived such oscillations, than his unwieldy associates, the 
mammoth, mastodon and rhinoceros. 

In terminating the subject of the entombment and dispersion of the great races 
of Mammalia, we may remind our readers, that in our endeavours to point out the 
ancient physical geographical features of the Ural Mountains, and the adjacent 
tracts of Siberia, geological proofs have been adduced to show, that a vast portion of 
that region having been entirely exempt from all oceanic intluence during ancient 
periods of long duration, was thereby eminently qualified to be the residence of such 
animals during the whole of their existence. It has further been proved, that the 
production of gold veins, and the elevations of the Ural, which have given to these 
mountains their present height and relief, arc i)hienomena of a comparatively 
recent date, — phenomena which, in lowering the ten)})erature of the great region 
so affected, were, we have little doubt, the chief causes of thC final destruction o( 
the mammoths, which, with all their adaptation to existence in northern latitudes, 
could scarcely be supposed to liave been capable of long enduring the want of 
sustenance incident to Siberian winters of the present period. 

When we turn from the great Siberian continent, which anterior to itsblevation 
was their chief abode, and look to other parts of Europe where their remains also 
occur, how remarkable'is it, that we find the number of these creatures to be 
justly proportionate to the magnitude of the ancient masses of land which the 
labours of geologists have defined ! Take the British Isles, for examjde, and let 
all their low recently elevated districts be submerged ; let, in short, Englatni be 
viewed as the comparatively small island she was, when the ancient estuary of the 
Thames, including the i)lains of Hyde l^ark, Chelsea, Hounslow’ and Uxbridge 
were under the waters, — when the Severn extended far into the heart of the king- 
dom, and large eastern tracts of the island were submerged, and there will then 
remain but moderate- sized feeding grounds for the great (|uadrupeds whose bones 
are found in the gravel of the adjacent rivers and estuaries. This limited area 
of subsistence could necessarily only keep up a small stock of such animals ; and 
just as we might expect, the remains of British mammoths occur in very small 
numbers indeed, when compared with those of the great charnel-houses in Siberia, 

* In the next chapter reasons will be assigned to induce the belief that the surface of Russia in £uru|>e 
was depressed at that period. 
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into which their bones had been carried down during countless ages, from the largest 
masi? of surface which geological inquiries have yet shown to have been dry land 
during that epoch. 

In treating this subject, we have been gradually led on to speculate on features 
which connect the former with the present surface of a large portion of the earth, 
and ha>fe little other reference to submarine conditions, than the elevation into land 
of the bottoms of estuaries and sea- shores on the edge of that continent. In the 
next chapter, however, we must entirely change the scene, by returning to the con- 
sideration of Russia in Europe, nearly the whole of whose superficies presents 
phaenomena of a very different class, which we shall endeavour to show, can alone 
have been produced by very powerful currents and long-continued submersion 
under the waters of the sea, — phaenomena which, we think, prevailed during the 
period when the great mammalia were the inhabitants of Siberia and certain 
southern tracts to which we have alluded. 


P.S. — It may seem remarkable, that in a region like Russia, so extensively tenanted by hears, when 
first reclaimed by man, we should scarcely have alluded to their occurrence during a former condition of 
the surface. Their bones, hoiyever, have been found, as well as those of horses, elks and many other 
• animals, on whose remains we have not thought it necessary to expatiate, as they are mere repetitions of 
a pha*nomenon common to other parts of Europe. Judging from the analogy of other countries, where 
the bones of the Ursus speloius have usually been found in rocky caverns, it is evident, that from the nature 
of her surface, Russia in Europe offers very few spots where the geologist Itaight hope to find them. We 
have, however, alluded to caverns in the Ural Mountains and Siberia (the caves ofYermac on the Tchus- 
sovaya and others on the Issetz, pp. 365 and 368), which being in positions far above the highest floods 
and on precipitous faces of palmozoic limestone, would, if explored by some Russian Buckland, afford, we 
have little doubt, the remains of extinct animals. 



CHAPTER XX. 

SCANDINAVIAN DRIFT AND ERRATIC BLOCKS IN HUSSIA. 

General spread of a Drift from the North over the Low Countries of Russia and Ger^ 
many, — Theories proposed to account for Foreign Drift. — The Russian Drift and 
Erratic Blochs described along the northern frontier of Russia. — Shown to have been 
distributed in trainees under the sea. — Chiefly arrested on Hills and Elevations, and 
less abundant in Depressions. — Large Blocks most freguent on Clay, and broad low 
sandy spaces often free from them. — Character of the Drift changes in its advance 
southwards^ according to the nature of the subsoil which it tra/verses . — Distinctions 

between the Local Materials in Russia and those of Poland and Germany. — The 

1 % 

transport of the Drift frorn lower to higher lands shown to be impossible under ter- 
re.strial conditions ; and the Glacier Theory, as applied to these Regions, rejected . — 
The far Southern and South-eastern advance of the Drift into certain Depressions 
explained by reference to Bays and Promontories of a former Continent. — Erratic 
Blocks shown to have proceeded excentrically from Scandinavia and LapUind. — -The 
largest and furthest-borne supjiosed to have been transported in Icebergs detarhed 
from ancient Glaciers. — The low northern Crystalline Tracis could not have deter- 
mined the advance of Glaciers over a higher Continent. — Scratched surfaces coin- 
cident with the direction of the Drift over many Low Countries of Europe. — Theory 
of the Authors of this work explained, viz. that moistened masses of Drift have, 
under powerful causes of translation, operated like the Moraines of Glaciers . — 
Former Submarine condition of Rus.Kia. 

From the German Ocean and Hamburg on the west to the White Sea on the 
east, a vast zone of country, having a length of near 2000 miles and a width vary- 
ing from 400 to 800 miles, is more or less covered with loose detritus, including 
erratic, crystalline blocks of colossal size, the whole of which have been derived from 
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the Scandinavian chain*. When we consider, that throughout this vast space, 
these blocks have all been transported from the same range of mountains and often 
carried to enormous distances, it will readily be admitted, that whilst it is entirely 
diflerent from the regions we have just been considering, no portion of Europe 
affords so fine a field for the discussion of the difficult problem, of how such heavy 
masses were so far transported ? In the earlier days of geological science, this 
great spread of northern detritus was merged with the coarse debris of other parts 
of Europe under the term “diluvium,” meaning thereby that it was the wreck 
of a general deluge which had passed over our continents. With increased ob- 
servation, however, it was found, that whilst certain tracts of country (like our 
great Siberian case) were entirely exempt from them, each region which contained 
such foreign materials had derived them from contiguous chains and from various 
points of the compass ; and hence it was concluded (at least by many geologists), 
that they were drifted to their relative existing positions by various currents of 
water, set in moven&ent in different directions by elevations and depressions of 
separate masses of land. 

Latterly this subject has attracted more than ordinary attention, through the 
_ labours of several obsefvers in the Alps, and new theories have arisen. Whilst 
Sefstrbm ’and his followers in the north had been contending, that all the detritus 
of which we are now about to treat resulted from a great northern deluge, Agassiz 
and his predecessors Venetz and Charpentier, showing the transporting force of 
glaciers, endeavoured to demonstrate, that many of the heaps of detritus around 
the flanks of the Alps are nothing more than “ moraines,” the residue of ancient 
and^ore extensive glaciers. 

Arguing from the phaenomena of the Alps, M. Agassiz further attempted to 
establish a general glacial theory, by which he supposed, that all the northern he- 
misphere was, during a long period, covered with ice and snow ; that glaciers, 
advancing by expansion from certain centres, and carrying with them, on their lower 
surfaces, the blocks and pebbles which were entangled in them when they first 
moved from the mountain side, scratched and polished the surfaces of the conti- 
nents over which they passed, precisely in the same manner as rocks are now 
affected on a small scale by the existing glaciers of the Alps ; and lastly, that upon 
the melting and breaking up of these great former glaciers many of the large blocks 


^ See the Map on which the southern limit of these blocks is marked. 
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which they contained were floated away in debacles of icebergs and deposited at 
great distances from the source of their origin. Still more recently, ProfeLor 
James Forbes, extending the views of De Saussure by an assiduous personal survey 
of the Alpine glaciers, has demonstrated by exact experiments on the nature of 
their ice and its movements, that glaciers never can advance except by their own 
gravitation and upon inclined surfaces. * 

But apart from the Alpine theories and observations, Mr. Lyell and others had 
previously shown how, under former relations of sea and land, icebergs wafted by 
prevailing currents may have carried foreign blocks to great distances, and one of 
us had applied this view to explain the transport of the great foreign boulders 
which are distributed in the central counties of England'. Our own view had, we 
think, this advantage, in reference to tracts like this under consideration, that in 
showing the presence of sea-shells of modern characters in mounds of far-borne 
detritus, it completely established, that the surface of such tracts was beneath the 
sea when the blocks were distributed. Hence we subsequently inferred, that the 
glacial Alpine theory, which is constructed upon the belief that such surface was 
sub-aerial, was in such cases entirely inapplicable ; subaqueous action being alone 
admissible. • 

After this slight introduction, and referring our readers to the ingenious and 
able works of the writers alluded to, we now proceed to throw together our own 
observations upon the transported matter of the great northern regions. 

The superficial detritus of Russia, Poland and Prussia, like that of other regions 
which we have examined, is referable to the great mountain-chain in its vicinity. 
The chief, if not the only, distinction between it and all other far-borne drift, con- 
sists in the great breadth and length of the dispersed detritus, in reference to the 
low mountains from whence it has been derived; for whilst in other parts of 
Europe various local centres of elevation have shed their detritus in different di- 
rections (England, France and the Alps offer sufficient examples), the vast regions 


' Silurian System, pp. 522 to 547. By consulting these two chapters of a former work by Mr. Mur- 
chison, the reader will find a full development of his views respecting the transport of some drift by 
water, and of great foreign erratics by icebergs. These chapters were written (1838 and 18.‘J9) before 
the appearance of the works of MM. Agassiz and Charpentier on the agency of glaciers in transporting 
erratic blocks, a which Mr. Murchison subsequently considered at some length in an Anniver- 

sary Discourse addressed to the Geological Society of London, 1842, in which will be found some of the 
same ideas developed in this chapter. (Proceedings of Geol. Soc. vol. iii. p. 671.) 

3 V 
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yndw consideration have been uniformly covered with crystalline materials which 
have proceeded from Scandinavia and Lapland only. 

Confining ourselves, in the first instance, to the Russian detritus, we now pro- 
ceed to give a succinct account of its nature and distribution between the mouth 
of the Niemen on the south-west, and that of the Dwina of Archangel on the north- 
east,— such, in fact, as it appeared to us when we travelled along the southern 
edge of the crystalline rocks, from whence all the debris has been sent forth. By 
this means we shall make a transverse section, as it were, of all the drift on a line 

f 

little distant from the source of its origin, and then follow it to distant parts of the 
interior of Russia. 

Geological travellers who, like ourselves, have crossed over Northern Russia 
from its western frontier on the Niemen to Archangel on the White Sea, cannot 
avoid being struck with the general sameness of this distribution, and also with the 
fact, that the detritus has been borne southwards in long zones, often separated 
from each other by depressions, occasionally of great width, in which few or no 
blocks are discernible. 

Thus the broad depression of the Niemen, and even the low argillaceous hillocks on its eastern slopes, are almost, 
if not entirely, exempt from blocks, the ckaussee for the first two Russian stations through the forests being mended 
* with small gravel brought from distances of fifteen and twenty versts. In approaching the third station, however, 
blocks appear on the surface of the clay drift. Again, the summits and slopes of hills (200 or 300 feet high) on 
both sides of the station of Bublia, — particularly the plateau to the north-east of it, — are covered with blocks of 
granite, porphyry and other Swedish rocks, both rounded and subanguiar, and occasionally of large size, together 
with corallines and shells of Silurian rocks, whilst the intervening valley, in which the Wendau Canal has been cut, 
is exclusively occupied by fine yellow sands. Having passed the plateau between Lithuania and Courland, where 
mud and northern blocks still prevail and are widely spread over the latter province (around Mittau), we again 
remarked the comparative absence in the Cwtuary of the Diina, particularly on the low grounds and hillocks forming 
the eastern banks of that river, which are almost exclusively occupied by loose sands, immediately surmounting 
the Devonian strata with their ichthyolites. 

Passing to the east of the station of Walk, no sooner do argillaceous hillocks (about sixty or eighty feet above the 
plain) appear, than again they are covered with erratics of gneiss, granite gneiss and other northern blocks of 
various sizes. The cliffs forming the eastern or right bank of the river Embach are loaded on their surface with 
similar detritus. Thence to Kaigatz the drift is also argillaceous and blocks abound, extending all along the plateaux 
to Dorpat, where the larger granitic blocks repose on an argillaceous and sandy alluvium, which separates them 
from the subjacent Devonian sands and marls. 

la ascending from Dorpat and the lake Peipus to the calcareous plateau' 

> In this plateau, extending by Shavli, &c., some Silurian limestone, 'which we have described in the 
3rd Chapter, exists in situ, but the greater portion of the calcareous debris we met with had evidently 
been drifted from the north— probably from Oesel ; for the corals which are so abundant in the detritus 
do not occur in the clifila of the mainland, but are Upper Silurian species which abound in situ at that 
island. 
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which occupies the coast, the detritus consists of rolled and rounded fragments 
chiefly of Silurian limestone, here and there capped by a great granitic blockt — a 
tract most joyfully reached by those who, travelling as we did in the early spring, 
just after the melting of the snow, had with such difficulty ploughed through the 
muddy, marly and sandy detritus of the western district. We shall afterwards 
enlarge on a feature which here struck us forcibly, viz. that the principal diass of 
the detritus of each district is of local origin, and very clearly bespeaks the nature 
of the subjacent formation ; whilst the great northern drift is perfectly independent 
of such subsoil, and has been distributed in zones, or “trainees,” which traverse 
the Silurian, Devonian, and Carboniferous regions. 

On reaching the cliff’s of Lower Silurian limestone, which stand out against 
the sea of the Gulf of Finland, we found their surface completely denuded of all 
local drift (their calcareous debris having been swept to the south). Without any 
accompaniments of smaller gravel, or rounded stones or clay, the hard limestone 
flags are there at once covered with blocks large and small, nearly all angular or 
subangular, which are spread about in little groups or single masses, as represented 
in this woodcut. 


Gulf of Finland. 
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Northern |i(Tanite^lockfl. 
Orthoceratic limestone. 

Ungulite grit. 

Bituminous schist. 

Shale obscured by fallen blocks. 


Here then are blocks, every one of which may be paralleled with the granitic, 
porphyritic, or gneiss rocks of Finland, and which have clearly been transported 
without rubbing or friction ; for they are not rounded or worn down by any attri- 
tion, and are unaccompanied by the rounded boulders, clay, or sand, which indi- 
cate a drift by water alone. They must therefore have been lodged or deposited 
on these cliflFs (150 feet or more above the adjacent Baltic) by some cause inde- 
pendent of pure aqueous action. To the consideration of this point we shall 
hereafter return. 

Let us now continue to make the general transverse section of all the northern 
detritus which occurs along the southern frontier of the crystalline rocks of Finland * 
and Russian Lapland. 

3 u 2 


512 


DRIFT AND ERRATICS NEAR ST. PETERSBURG. 


Standing as it does on the very northern edgdifof the Silurian band and in the 
lowest stratum of that formation, St. Petersburg and its environs is a favourable 
tract for studying the distribution of the northern drift. 

In travelling to the north of that metropolis, hills chiefly composed of sand, derived from the wearing down and 
washing of the adjacent granitic region, are soon found to contain many blocks of northern origin, and these increase 
in quanti^ and magnitude, forming ridges and undulating hills, from which you pass to the edge of the crystalline 
nucleus of Finland. To the south of the capital the Lower Silurian clay has been to a great extent denuded, 
or covered merely with more recent alluvial deposits. On this flat, granitic and northern blocks are com- 
paratively rare, though an occasional specimen of very great size has been detected in the marshes ; but no sooner 
is the plateau land on the south ascended (the framework of which consists of the Lower Silurian limestone), than 
vast quantities of ^ these blocks, some rounded and others not much so, occur both in isolated patches and in 
"trainees." They are seen on all the elevations on both sides, and particularly to the south of the observatory of 
Pulkova, and on the tops and slopes of the ravines (into which they are occasionally rolled), whether on the sides 
of the brook Pulkovka or all along the low eminences which slope away to Peterhoff. The calcareous plateau 
to the south of Czarskoe-Celo and the sandy valley of Pavlosk, are for the most part void of them, the latter being 
absolutely filled with the sand derived from the breaking up of the ungulite sandstone ; but a vast and copious 
trainee is seen upon the southern slope of one of the hills, near the sources of the little river Slavenka. 

We particularly remarked that in this group of the Slavenka, the greater number 
of the blocks were by no means rounded ; many, indeed, are still quite angular 
and some subangular. Being accompanied to this spot by Dr. Worth, to whom, 
in former pages, we have so warmly expressed our obligations, that zealous mine- 
ralogist distinctly assured us, that there was not among these blocks (whether 
gneiss, granite, or greenstone, &c.) a single example which could not be paralleled 
with its parent rock in Finland. Here again, as in the Dorpat and Lithuanian 
tracts, we had a convincing proof, that the direction of the drift had been from 
north to south, quite independently of the Finnish blocks ; for the true Devonian 
roclts, which are here charged with ichthyolites, are surmounted by flag-like frag- 
ments of the Lower Silurian limestone, occasionally very large, which have been 
drifted from the adjacent plateau on the north'. 

0 

‘ We cannot give this passing account of the detritus near St Petersburg, without adverting to the 
more detailed description of it by Mr. Strangways (Trans. Geol. Soc., Old Series, vol, v. p. 392). 
Showing that the drift is often from thirty to forty feet thick, and sometimes occupies entire hills, he 
states that it is made up both of crj'stalline rocks that have been transported from Finland on the north 
(referring many of them to their native quarries) and of the debris of the strata in situ. In regard to the 
latter, he mentions how the wide spread of sands in some tracts, particularly to the north of the Neva and 
the environs of Peterhoff and Pavlovsk, has been occasioned by the breaking up of what he caUs the " inter- 
mediate sandstone" (our Ungulite sandstone), and how the limestone, or "pleta," is usually covered with 
light brown earth. We were also struck, as well as Mr. Strangways, with the appearance of thick 
masses of very finely laminated clay on the road from St. Petersburg to Strelna, and in which there occur 
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In the low country east of Sif Petersburg, watered by the river Volk'of and its 
tributaries, the northern crystalline erratic blocks are very scarce, the subjacent 
Silurian rocks being for the most part covered with a thick alluvium of clay con- 
taining very few boulders. The tract, indeed, where the Volkof empties itself into 
the Lake Ladoga, is entirely void of them, the surface being exclusively occupied 
by sands which often assume the character of dunes, like those at the eSluary of 
the DUna. In travelling from Nova Ladoga to Ladenoie Pole, we were much 
struck with the almost total absence of the erratic phaenomenon ; during the whole 
width, in fact, of the southern shore of the great Lake Ladoga. 

To the north we had a vast inland lake near 200 versts long, whose northern 
shores are exclusively composed of granitic and greenstone rocks, with some me- 
tamorphosed Silurian strata, and whose east and west shores are covered with their 
spoil, — and yet not a fragment of them is visible at its southern termination ! Are 
we to presume that in this parallel such erratics are all buried in the bottofn of this 
sheet of water ? Some doubtless may have been so disposed of, but this explana- 
tion is quite inadequate ; since the northern blocks have been transported, as we 
shall afterwards show, many hundred versts to the south of the lake, and in this 
very parallel of longitude. The fact is, that unlike the soythern shores of the Gulf 
of Finland west of Narva (p. 512), the south shore of the Lake Ladogy is a dead* 


fine layers of small pebbles, ^Tliese beds, like the finely laminated sands in many parts of Russia, clearly 
indicate, that there were periods of repose as well as of powerful current, during the accumulation of tlie 
materials which we are now merging under the head of “ drift.** It is perhaps unnecessary to state, that 
for these and many other reasons, we cannot agree with Mr. Strangways in the theoretical view (prevalent 
at the period when he wrote), that all these deposits were the residue of a great flood which passed 
over the land before the lateral valleys were formed, — the latter having been fashioned out by the netiring 
wave. The very fact which he cites, of large lumps of the intermediate or Ungulitc sandstone having 
been transported from a lower level on the north to high plateaux on the south, is subversive, we think, 
of the then prevailing theory. We would also observe, that he does not draw sufficient distinction between 
the prevalence of large northern blocks on the plateaux and their rarity in the low plains. The immediate 
vicinity of the metropolis it must, however, be admitted, has offered some exceptions to the non-occurrence 
of erratics in the low grounds ; for though they have fast disappeared, several peculiar northern rolled frag- 
ments are cited by Strangways from the south of the Moscow gate. He further mentions, that the block 
on which the statue of Peter the Great stands (reduced two-thirds in size and chiselled into its present 
grotesque form by the artist!) was found in a bog between St. Petersburg and Gestcrbeck. Still we are 
firm in our belief, that these are exceptions ; a fact, indeed, of which any one may convince himself by 
merely passifig along the railroad from the capital to Czarskoe-Cclo, wlicrc the argillaceous surface for 
many miles (including the race- course at the northern foot of the escarpment of the low limestone hills^ 
is entirely free from northern blocks, though they occur in vast abundance on the plateaux further south. 
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flat, with no eminences to catch the drift, which however transported, has passed 
on soihthwards till arrested by other heights'. 

Very different is the surface of the Carelian country to the north of Olonetz, and 
which lies between the lakes Onega and Ladoga. Here again we found ourselves 
in precisely the same sort of tract as that on the edges of Finland north of St. Pe- 
tersburg*. Undulating hillocks, or rather ridges, 200 or 300 feet in height, trending 
for the most part from north to south, or north-north-west to south-south-east, 
succeed each other in rapid succession, and are from top to bottom composed of 
granitic and northern detritus, often separated from each other by small lakes. 
We were, in fact, on the ancient shore of the great Scandinavian chain, and amidst 
bands of its granitic detritus, much resembling that to which we shall afterwards 
allude as covering many parts of Sweden*. 

The point we most wished to ascertain was, if the crystalline and hard rocks 
which rise to the surface immediately to the north of Petrozavodsk, and over 
which the vast mounds and ridges of detritus to the south of it had passed, exhi- 
bited the phaenomenon of polished and scratched surfaces, and if these scratches 
were in the chief direction of the drift. 

On this point we soon .satisfied ourselves, by boating up the Lake Onega to the 
horthern extremity of the little bay or strait of Salomi, where we found the hard 
eruptive greenstone and associated breccia (Salomenski-kamen, see p. 18) per- 
fectly rounded off and grooved on the northern face of a small promontory opposite 
to the church, with innumerable small striae having the direction of magnetic north 
and south. As the water of the lake which washes round this small headland was 
very transparent, we could observe the striae down the northern slope of the rock 

* Being tired with the continuous expanse of sands which here cover the lowest Silurian clay, we be- 
came very impatient to discover some rock in situ, and determined to ascend the banks of the river Oyat 
for that purpose. As soon, however, as the peasants had prepared our equipage, it was quite evident that 
our search wbuld be fruitless, for not one of the horses was shod ; an economy very generally practised in 
Russia, where no hard ground or rock is at the surface. We had, in fact, been led to this excursion by 
our constant inquiry after stones ; and the Russian peasants, who are invariably well acquainted with 
every natural feature in their neighbourhood, dragged us through sandy forests for many miles, until they 
truly pointed out a few northern blocks, the only stones, in fact, of the whole tract. 

* At Petrozavodsk there seemed to be some means of separatmg this coarse and anoign t drift, which 
contains boulders and is covered by them, from certain overlying sands, which having filled depressions 
in the drift clay, have since been excavated; but we had not time satisfactorily to work out this question. 
Other peculiar phssnomena, caused by the melting and bursting of the ice of the lake Onega near Petro- 
zavodsk, will be described in the next chapter. 
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to eight or ten feet below the liquid surface, whilst on tracing them up on the rock 
exposed to the atmosphere we found them persistent to near the summit df the 
little hill, particularly wherever the thin coating of turf and soil, on which a few 
stunted fir-trees grew, was uncovered. To the south side of the hill, on the con- 
trary, no such traces of wearing, friction or striation could be seen, and thus we had 
before us, on the edges of Russian Lapland, the very phenomenon so extensively 
observed by Sefstrom over Sweden, and on the consideration of which we shall 
subsequently dwell, viz. a rounded, worn and striated surface of the northern sides 
of promontories, whose southern faces are natural and unaffected by any mechanical 
agency. 

Whilst great heaps or ridges of rounded granite blocks and gravel occupy the 
tract before alluded to south of Petrozavodsk (masses of the same being doubtless 
buried in the lake), large and subangular blocks have travelled further to the 
south, as we proved by detecting several of them on the very summit^ of the 
greenstone and syenitic promontories, which in heights of 400 to 600 feet above 
the lake, constitute its south-western coast, and extend to the north bank of the 
river Svir. 

Arrived at the southernmost of these hard promontories, just where the igneous 
rocks subside towards a vast plain, and are no longer to be found across J;he whole ' 
regions of Russia, — on a slope, where emerging from umbrageous thickets, we 
enjoyed a magnificent prospect, having the Lake Onega on the left, the deep and 
pellucid river Svir in front, and the undulating regions of Muscovy beyond it, a very 
remarkable trainee of blocks of granite, gneiss, greenstone, &c., mingled with a 
few quartzose boulders derived from the region over which we had travelled, was 
spread out at our feet. This fact is in perfect accordance with that observed on 
the southern side of the plateau of Czarskoe-Celo, and also with the comnton 
Swedish phenomena of which we shall hereafter treat. 

This trainee, of vast width, extends for some versts to the south of the river 
Svir, where its numerous boulders, many of them much rounded, constitute u 
water-worn, pebbly surface, not unlike that of the “ crau ” in the south of France. 
After passing over the indurated and quartzose rocks which exist in it, this drift 
also overlaps the same formation, where it becomes the unaltered Old Red Sand- 
stone (Devonian), and in which, on the banks of the Mgra in this neighbourhood, 
we found characteristic ichthyolites (see p. 47). • 

The south end of the Lake Onega, equally flat with that of Lake Ladoga, 
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pn»ente, indeed, . elriking contmt to the latter, in it. ‘>oyeM 

a coafae northero drift of a few feet in thickne.8, beneath whic ^ le upper e s o 
the Old Red Sandstone or the lower beds of the carboniferous limestone are ooca- 
sionally detected. This distinction may be explained by the great difference of 
physical outline of the east and west banks of these two lakes ; for whilst those of 
Ladoga,*— at least for some distance from its southern end,— are flat and low, with- 
out the trace of a hard subjacent rock, those of Onega, consisting, as we have 
shown, of trappaean and quartz rocks on the west, and of hills of Old Red Sand- 


stone with its ichthyolites on the east (j). 47), form striking promontories, under the 
lee of which all this drift has been accumulated. It was also curious to observe, 
how exactly the line which this drift had taken, from north and by west to south and 
by east, was indicated by a change in the nature of its materials, as we traversed 
its direction and approached the city of Vitegra ; the granitic rocks common to all 
the regi&n in the north still prevailing, whilst the boulders of quartz rock and trap 
disappeared. Their .absence, again, is strictly coincident with the fact, that the 
eastern side of the lake to which we had advanced, contains no such rocks in dtu 
at its northern end, but simply Old Red Sandstone in its unaltered state. In 

ascending, however, the^eastern sides of the lake we found fragments of Lydian 

‘stone an<l altered limestone, derived from masses which lie to the north of that 
parallel. In extending our researches eastwards to the plateaux on the banks of 
the Andoma and its tributaries, to examine the Old Red pr Devonian rocks with 
their caps of mountain limestone (p. 74), we were much struck with the com- 
parative absence of drift. Thi.s contrast was, therefore, a proof, in addition to the 
many examples we have already cited, that the agency by which the distribution 
of the rounded and highly-worn drift had been accomplished, acted in north and 

south zones of greater or lesser width. Still, on these high grounds, an erratic 

northern block may here and there be detected, and on advancing to the southern 
or south-south-east slope of the carboniferous limestone, we again met with a pro- 
fuse spread of northern granitic boulders and blocks, but without a trace of quartz 
rock. 


For a coosiderable distance to the east of Vitegra. the country is singularly exempt from all northern and foreign 
detritus, the Old Red Sandstone being either seen in situ, or the surface detritus being, as it were, entirely made 
up of that subjacent rock ; but on reaching the plateau which separates the waters flowing into the Dwina and White 
Sea from those which flow into the Baltic, the carboniferous limestone is occasionally seen to be covered with a drift. 
^ composed of northern boulders, mixed up with the limestone of the tract.— one of the largest of the granitic blocks 
near Perkina. resting upon the local detritus, was from twelve to fifteen feet in diameter. Again, all northern de- 
tritus either disappears or becomes exceedingly scarce, and the road to Cargopol for several stages is either formed 



DRIFT AND ERRATICS ON THE SHORES OF THE WHITE SEA. 517 


upon the denuded carboniferouB limestone or on its spoil, with very little other superficial covering. 'ITiough a few 
northern blocks appear near the station of Braneva, the ordinary character of the superficial detritus of a conftder- 
able part of the country between Cargopol and the Dwina, is of a very tranquilly-formed charactei. Thus on the 
Onega river and its feeder, theTchutchetza, the banks are composed of fine sandy loam of a considerable thickness, 
not unlike the loss of the Danube, and this becoming more sandy, continues to Archangelskoi ; near to which, indeed, 
the carboniferous limestone is solely covered by a few inches of fine dark mould. Again, sands, occasionally 
loamy, and rarely passing into a state of " loss,” for the most part nothing but sea-sands, encumber the ejprfacc of 
the carboniferous limestone, which only peeps out, at intervals ; and through several stages we could only discover a 
solitary northern block in the course of many miles, a few of them being visible at the little post-house of Kodysez. 
Between that place and Siiskaya on the Dwina, are picturesque small lakes, surrounded by rapidly undulating 
sandy hills, occasionally somewhat argillaceous and finely laminated, and then passing into loss ; but far and wide 
mu9t the traveller roam to find an erratic block. 

This is perhaps the most extensive boulderless tract which we traversed in 
Northern Russia. On approaching, however, the higher grounds which form the 
left of the Dwina, the soil becomes argillaceous, and granitic northern blocks again 
occur upon the surface'. , 

Near the estuary of the Dwina, or for a certain distance to the south of Archangel, the right bank of the river, 
which is high and opposite to the plains and meadows of Kholraogor or Kolmogorri, is composed of irregular accu- 
mulations of reddish argillaceous sand and marl, apparently void of stratification j nothing more than regenerated 
piles of the subjacent Old Red Sandstone, which formation then succeeds to the carboniferous, and therefore makes 
up the mass of the drift. The surface of this tract, rarely sandy, and for the most part argillaceous and boggy, 
very seldom exhibits anything like a large granitic boulder. • 

Traversing the Dwina to its west bank, and coasting the low promontories which 
fringe the White Sea, we there also travelled thrf*e stations in dunes of sand and 
stunted woods, before we met with a northern travelled rock. No sooner, how- 
ever, did we arrive in the same parallel of longitude as the isles of rocky gneiss 

and granite in the bay, than we began to find a few erratics derived from tbem*. 

• 

* In the next chapter we shall show how some of these boulders have been moved in modem times. 

• The monastery of St. Nicholas stands on one of these isles. ITie sandy shores of the White Sea, 
along which we were then forcing our way (accompanied by our kind friend Mr. Whitehead, Her Bri 
tannic Majesty’s Consul at Archangel), were covered at intervals with numerous plants, which formed a 
rich foreground to the magnificent marine jirospect of the glassy sea with its islets and white monasteries. 
The plants we observed were chiefly those of the flora of North Britain, and, exclusive of some remark- 
able roses, we collected Linnaa borealis ^ Fyrnla uniflora, Ruhus Chamtemorus, Rubus (species unknown), 
Impatiens Noli-me-tangere, Cornus Suecica, Trientalis Kuropeea, Thymus Serpyllum, Cirexa Alpina, Vac- 
cinium Oxy coccus, &c. We were also much struck with the large size and good shape of the cows in these 
boreal tracts. They are, in fact, quite as large and fine-coated as those of the English Suffolk breed, 
and not unlike them. This feature of civilization is due to that remarkable sovereign Peter the Great, 
who imported Dutch cattle, suitable to the rich and deep pastures on the left bank of the Dwina, near 
the ancient town of Kholmogor, from whence the breed has spread over a considerable tract. Khol- 
mogor was the chief town of these parts (long before the foundation of Archangel)* when the intrepid 

3 X 
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Whether the salt-pits which occur to the west of Ninokotski are proofs of the 
comparative recent sojourn of the sea in these parts, or depend on springs which 
issue from subjacent Old Red or Devonian strata, seems doubtful. Some of them 
may, for all that we know, be formed like salt-pans from the present sea, as on 
parts of the British shores ; but at the station of Unskoi a salt spring unquestion- 
ably issues from a subjacent stratum, which we believe to be Devonian. Between 
this place and the western side of the promontory which constitutes the east coast 
of the bay of Onega, undulating hills, often argillaceous, are capped with northern 
blocks and sand, and a few slabs of hard red sandstone, as we particularly observed 
in the heights upon the left bank of the river Kianda. In fact, the whole of the 
great promontory which stands out northwards towards the White Sea, the southern 
side only of which we examined, is covered with blocks and erratic matter, and 
thus we were again in a detrital zone, which presented a striking contrast to the 
sandy and loamy surface between it and the Dwina. In certain ravines on the 
east coast of the ba^ of Onega we met with such great masses of subangular blocks 
of gneiss and granite, that we were almost disposed to think these rocks must be 
in situ ; the more so as we knew, that the little islets in the bay were composed of 
such. When the strifcture of these isles, or the chief of them, Ki-ostrof, was 
described (p. 17), we had not visited the coasts of Norway and Sweden ; and we 
must therefore now state, that, whether in structure or in outline, Ki-ostrof and 
its associated islets exactly resemble the “skars>” of fnese countries, of which 
hereafter. 

This islet forms the southernmost of a group of granitic isles which extend 
nouthwards ; and on the largest of them, at the mouth of the bay, is built the 
Solavetski monastery. Ki-ostrof, as well as its adjacent islets, is an elongated 
narrow “ skar,” the shape of which conforms to that of the bay of Onega ; its 
northernmost face being very much worn down and polished®, whilst its southern 

English navigator. Chancellor (anno 1551), discovered Muscovy via the White Sea, and there waited 
until he received an invitation from the Czar Ivan Vassilievitch to visit Moscow. 

1 This Swedish word is pronounced like the English word share, 

* Though we did not visit the Isle of Dago, which lies between the Finnish and Swedish shores whence 
the granite blocks have been derived, and the low plateau of Courland on which they are lodged, we know 
from Professor Eichwald, who gave us specimens from tlie spot, that in some parts the surface of the 
Upper Silurian limestone in that island has been scratched, as if weighty, harrowing bodies had passed 
over it from north to south. It is, of course, impossible that any such permanent scratches can have 
been impressed on the incoherent rocks of Russia. 
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end is higher, with small indented bays into which heaps of rounded boulders have 
been lodged under the side of the cliffs. The explanation of this peculiarity of 
outline will be entered upon in the sequel, in treating of the much better exam- 
ples of similarly-shaped and eroded isles and promontories in Scandinavia. We 
will now only observe by the way, that in the large wood trade which is carried on 
between Onega and England, the rafts of timber now find their resting-pladb from 
the tidal influence, in the southern bay of the little Ki-ostrof, just as the boulders of 
old did ; that side being now as well protected from the roll of the northern surge, 
as it was of old, from the violent current of the northern drift. 

We have thus endeavoured to explain the nature of the northern'drift, as well 
as the manner in which it has been deposited, along the northern frontier of the 
sedimentary deposits of Russia, and the reader will, we hope, have perceived, that 
in general such detritus is most accumulated on plateaux and high grounds, and 
particularly on their southern slopes. We have also shown, that it occurs in north 
and south zones of greater and lesser width and length. It ha» further been stated, 
that in a broad space of country between Vitegra and Archangel, of small elevation 
and at no great distance from the source of their origin, erratic blocks are very 
rarely to be detected, whilst in approaching their sources, or the crystalline 
nucleus of the White Sea, they increase. • 

Let us now follow these trainees to the interior. To the south of the govern- 
ment of St. Petersburg, ^he Valdai Hills, like other high grounds to which we have 
adverted, have arrested vast quantities of blocks (granite, gneiss, greenstone and 
porphyry of Finland), which in many parallels of longitude are profusely spread 
over the southern talus of these hills, and have been transported to Moscow, and 
to great distances south of that city. Taking the direction of the great mass of 
drift which has passed to the south and south-south-east, we may, indeed, confi- 
dently refer to the same origin the blocks which are traceable at intervals as far 
southwards as Voroneje (see Map), a distance of about 700 or 800 miles from the 
nearest edge of their parent country. Following the drift in the longitudinal 
parallel of the lake of Onega, which we have indicated as a powerful zone, we 
found the regions around Tcherepovetz, Mologa, Yaroslavl and Vladimir, even as 
far southwards as Jelatma, or Yelatma, not only encumbered with large erratic 
blocks, but with such vast masses of gravel, clay and sand, that it is quite impos- 
sible to detect a trace of the subjacent rocks over very wide tracts, even in the* 
beds of the Volga and the deepest cutting rivers. The body or matrix of the drift 
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in this region is made up of the ruins of the Devonian and Carboniferous rocks, 
oveF which the current has swept. The former being, for the most part, a slightly 
coherent red sandstone with marls, has contributed to give the dominant colour to 
the mass, whilst fragments of the chert and flint which abound in the latter are so 
profusely distributed, that a geologist unacquainted with the structure of the car- 
bonifeK>us limestone of Russia, might at first sight really take them to be the relics 
of a chalk formation. In these respects, indeed, the detritus resembles that of 
Moscow and many other tracts. 

Near Jurievetz upon the Volga, we found erratic blocks of quartz rock asso- 
ciated with others of that trap breccia, which we have remarked as peculiar to the 
north-western side of the lake of Onega near Petrozavodsk. Having become well- 
acquainted with that rock in situ, and having assured ourselves that it does not 
exist, either to the west or east of the particular zone in question, we had in this 
instance just as clear evidence of the direction in which these fragments had been 
transported for 500uniles from north-west to south-east, as the mineralogists of 
St. Petersburg possess of a shorter southern transport, in the Finnish rocks to the 
south of that city. The blocks of quartz rock and Solamenski-kamen, as seen for 
a stage or two to the«soutb of Jurievetz, Mednikovo, &c., lie upon the higher 
‘ undulating grounds which form the right bank of the Volga, and the general mass 
of the superficial materials on which the blocks repose, are finely laminated yel- 
lowish sands and loams which for the most part obscure' the red marls, forming 
the subsoil of the country (see p. 179 et seq.). At Garbiitof on the Oka, which 
lies to the west of the tract in question, and at several localities along the banks 
of that stream, we found materials of northern drift in the overlying detritus, often 
of considerable thickness, but in none of these instances could we discover a trace 
of the peculiar rocks which constitute the promontories of Petrozavodsk on the 
right bank of the Lake Onega, the northern erratics being chiefly granites or gneiss, 
such as occur in situ to the north of the Lake Ladoga (see Map, PI. VI.). 

We have said that the blocks to the south-east of Jurievetz occupy undulating 
grounds rather higher than the adjacent depressions, and in such positions we also 
observed them towards Nikolsk, and also on high cliffs overhanging the Suchoua 
river, between Totma and Ustiug. To the south and to the north of the last-men- 
tioned town, northern granitic blocks are also seen > ; and we were struck with 

' The shrine of St Procopius in the cathedral church of Ustiug is in high reputation with the natives, 
because about 300 years ago that holy man is said to have saved Ustiug from being destroyed by a shower 
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their comparative abundance on the higher undulating grounds between it and 
Krasnoborsk, whilst the lower country in which the Dwina flows towards Arch- 
angel is almost, if not entirely, exempt from them. That tract forms, indeed, a 
portion of the broad sand- covered tracts between Cargopol and the Dwina which 
have been already described, as being free from every sort of northern drift. 

These facts, including what we have said of the position of the block's to the 
south of Jurievetz, where they lie on the highest portions of a tract composed of 
finely laminated, loamy sands, appear to us to favour strongly the view on which 
we shall afterwards dwell, that the great erratics (so far detached from the sources 
of their origin and often separated therefrom by wide regions in which no trace of 
such detritus is found) were probably floated to their present habitats in former ice- 
bergs, when the sands in question formed the bottom of a sea, which extended from 
the shores of Scandinavia, and in which the icebergs sailed southwards with the 
current, until arrested by the higher grounds in question. But what was the con- 
dition at that time of these higher grounds ? By inspecting the Map the reader 
will perceive, that the country around Ust-Sisolsk, and thence to the edge of the 
Timan range, — in short, the upper grounds in which the feeders of the Vitchegda 
spring, form the extreme limit in that direction of every Scandinavian erratic. Stilly 
further to the north-east, the Timan range constitutes their eastern girdle, for no 
trace of them has we believe been detected beyond it, in the basin of the Petchora. 
The ancient elevation df that range explains this feature of the phsenomenon. 

In our last chapter on the Ural Mountains, it has been shown, that a large 
portion of Siberia and the whole of the Ural chain must have been above the 
waters during long periods antecedent to our aera ; and we would now observe, 
that such elevations as those, which affected the central ridge of these mountains, 
C'ould scarcely have taken place without occasioning a corresponding rise over a 
considerable area on the west. May we not, therefore, suppose, that the same 
elevations which last raised the Ural Mountains and Siberia, and rendered those 
tracts the residence of mammoths and other wild animals, had also raised the large 
area of the governments of Perm, Viatka and Orenburg, which lies between the 
eastern limit of the Scandinavian blocks and the edge of the Ural Mountains ? 

of otolites which fell from heaven. Our mineralogical curiosity was roused, and, unseen, we contrived to 
chip off a small fragment from the block, which from its blackened and jwlislied external aspect (due tc^ 
long adoration and the smoke of incense) might really have passed for an aerolite — when it proved to be 
a true granitic northern boulder. So much for the legend and St. Procopius. ^ 
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Hie nature of the superficial detritus which occupies the surface of that area is 
much in favour of this view. For a considerable space to the west of the Ural, 
there is not a vestige of any superficial deposit which can be referred to the in- 
fluence of the sea ; no far-transported blocks — no finely levigated sands and dunes 
— no great diluvial hillocks of clay and drift ; but, on the contrary, all the detritus, 
like thit of the Ural and Siberia, is local and small. We believe, therefore, that 
the region so characterized was really above the waters and inhabited by mam- 
moths, when the erratic blocks were transported over the adjacent north-western 
sea, and that the then coast of the Siberian and Uralian lands advanced near to the 
line marked on the Map as the extreme boundary of the granitic erratics, which 
were, we believe, stranded on or near the shelving shore of these ancient lands. 

In speaking of Russia, we have already endeavoured to show, that the drift has 
been diversified and added to, as it passed southwards, by deriving new materials 
from each zone of rocks which it traversed. The Silurian and Devonian deposits, 
which contain few hard beds, have not, as might be expected, furnished many 
boulders, their debris consisting chiefly of grey and red mud and sand ; but the 
carboniferous limestone, containing bands of jlint and chert, fragments of these 
have been most largely^ distributed, and being readily known by their included 
organic remains, are valuable “ drift marks," if we may use the expression. In 
proof of the uniform direction of the drift, we may state, that there is no instance 
of one of these flints having been found to the north of the carboniferous zone, 
from whence alone they can have been derived, whilst they are profusely scattered 
over its surface and extend for vast distances beyond its southern limits. This 
phsenomenon is in perfect accordance with what we have observed in the country 
of Siluria and other tracts of Western Europe, where the direction of drift in any 
particular line may be tested by the addition of fresh materials of the subsoil over 
which it passed. 

In treating, however, of the great block region of all the northern states, it must 
be said, that these indicia of the character of the subsoil in each of the successive 
geological tracts, proceeding from north to south, are confined to Russia ; for 
in Northern Prussia and Poland no rocks whatever have been detected even m 
the deepest denudations. The northern materials, with the occasional detritus 
of Swedish Silurian strata, are there alone mixed up with sands and clay of 
Uniform colour, chiefly the spoil of the tertiary deposits of those countries. In 
Mecklenburg and Prussia the blocks occur, for the most part, as in Russia, on 
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the slopes or sides of the hills, and occasionally in thick groups : the tracts be- 
tween Schwerin and Lubeck on the east, and again around Seelaw on the Vight 
bank of the Oder, being fine examples. In the rapidly undulating country between 
the Oder and Posen, particularly at the village of Kahorl, the largest boulders (all 
much-rounded) are found on the north side of a little hill. In some di^|ricts they 
occur at intervals, and seem more equably scattered about. In many othefs, par- 
ticularly in Pomerania, they occupy irregular lines or trainees ranging from north to 
south. Thus also, in the sandy plains east of Posen, not a block is to be seen for 
several miles from east to west ; but the moment you reach the small elevations, 
somewhat more argillaceous, which rise towards the Polish frontier, they are 
again numerous. In that frontier sandy plain, the blocks are usually small, but 
in the hills between Konin and Kolka, the subsoil of which is composed of tertiary 
claystone as white as chalk, loads of large blocks are buried in and mixed with 
gravel and sand, at heights of 300 or 400 feet above the sea. In passing from 
west to east, the traveller is here struck, as in Russia, with ‘the great change in 
the character of the blocks in each new degree of longitude, showing that they 
have been derived from different districts of Scandinavia and have been distributed 
in trainees ; for whilst to the west of Posen they are nearly all granitic, to the 

• 

east they are chiefly of quartz rock or altered sandstone. In the richly eultivated, 
argillaceous and loamy plains between Koliia and Warsaw, the detritus is more 
equably spread about at rarer intervals, and not in groups. At Warsaw the ex- 
cavations made for brick-earth, expose a subsoil of incoherent white sand inoscu- 
lating with some clay, and occasionally containing small pebbles of quartz rock 
and Lydian stone ; the whole representing the tertiary beds of the region. These are 
covered by the drift clay and loam, with erratic northern blocks upon the surface. 

The drift of Russia and Germany, in common with that of England, exhibits, 
for the most part, a diminution in the quantity and size of the blocks, the further 
they have ranged from the source of their origin. Hence, in the parallel of Mos- 
cow, to which place and far beyond it they extend, the fragments of granite and 
greenstone seldom exceed two or three feet in diameter'; whilst near St. Peters- 
burg their diameter is often as many yards. In passing from the White Sea to 

* The larger blocks are rapidly disappearing, being broken up for the chaussfees and for building pur- 
poses. The observation in the text, that the blocks diminish in size us they are traced to the south, is, ^ 
it must be understood, liable to exceptions, there being examples of large blocks at great distances from 
their origin, which can, we believe, only have travelled thither in floating icebergs. 
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Nijni Novogorod, the same facts present themselves. To the south of Ustiug the 
granKic and greenstone blocks begin to be scarce, though, as before said, we met 
with a fine example several feet in diameter, even as far south as Garbktof, on the 
Oka. 

The tr^eller who does not court the long and devious routes by which we 
journeyed, may verify some of the prominent points of observation without quit- 
ting the sides of the splendid chaussde from St. Petersburg to Moscow, which is 
entirely made of northern, granitic and greenstone blocks ; but to obtain a due con- 
ception of the vast area over which the detritus is spread out, as well as to under- 
stand the very irregular dispersion of the blocks, — sometimes placed at wide di- 
stances from each other, at other times in heaps, here quite upon the surface, 
ihere entangled in mud, — he must traverse not only the northern tracts, but also 
the great central region of Vologda and its contiguous governments. In doing 
this, he may, for a while, be led to speculate upon the former existence of basins 
of sand in one tract <ind of clay in another ; but the more he extends his survey, 
the more will he find, that all these accumulations and their associated blocks are 
parts of one great system of operations, and that they have all been formed in one 
long period of time. He will also be convinced, that the widely-spread and finely 
laminatedcsands cannot have been accumulated except under water ; and when he 
sees that these sands and gravel, as on the Vaga, overlie strata replete with pleis- 
tocene or modern marine shells before described (p. 328), be will conclude with us, 
that this great northern drift (by whatever power transported) was deposited on the 
bottom of a sea. This, in our view, is a condition which must be present to the 
mind, before we can draw just conclusions respecting the method by which the blocks 
were transported. As the Valdai Hills, the highest grounds in European Russia 
(from 800 to 1 100 feet above the sea), are covered with them, there is no doubt in 
our minds, that the whole of that portion of the continent was beneath the waters, 
at the period of the distribution of the blocks. Even in such tracts, however, 
there are phsenomena which lead us to infer, that the present form of the land 
prevailed to a considerable extent even when submerged, and that such outline 
had a great influence upon the manner in which the blocks were lodged. 

By reference to the Map, it will be seen that the southern limit of these erratics 
is by no means uniform, as represented by previous writers, but on the contrary 
‘very devious. The detritus does not, in fact, occupy an equably shelving, southern 
talus, but, though often on plateaux, it has in many instances followed, even to 
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great distances, the course of the existing north and south valleys at its soutl^ern 
extremity. As if, however, to mark how entirely dissimilar the transport has been 
to anything which we can imagine under terrestrial conditions, this ancient detritus 
has usually been propelled in an opposite direction to the present course of the 
waters and consequently up-hill, with reference to the present surface. For example, 
all the rivers of Russia, Poland and Prussia which have their exit into the White 
Sea or Baltic, as well as the Oka and other southern tributaries of the Volga, flow 
from the south, yet all the detritus has been propelled from the north. 

There is, indeed, no feature more curious in the distribution of the drift along 
its southern frontier, than its far advance to the south along certain great valleys, 
and its omission in such localities upon the interjacent higher grounds. Such, for 
example, are the heaps of detritus, syenite, granite and greenstone which advance 
into the valley of the Don near Voroneje, and on the west by another north and 
south parallel to the neighbourhood of PutieviP on the Sem, a tributary of the 
Desna, leaving (as shown upon our Map) the central dome of Orel almost if not 
entirely free from such transported matter. 

These are truly remarkable facts ; and we feel confident that there are no other 
parts of Europe in which foreign materials have been transported so far as from 
Russian Lapland and Finland to Voroneje and Putievil, points from 700 to 800 
English miles, in straight lines, from the nearest crystalline rocks whence such 
fragments can have proceeded. 

We are not personally acquainted with the marshes of Pinsk, which indicate we 
apprehend the southern limit of erratics in that parallel ; but we are certain that 
the southern granitic steppe to which we have before alluded, was a dividing barrier 
before the period of their distribution, as no portion of it ofiers evidence of sub- 
aqueous transport. In Poland, however, and in the adjacent part of Russia, we 
found, that in the great valleys of the Vistula and the Oder, the blocks were distri- 
buted precisely as in the valleys of the Don and the Desna. Along the Vistula 
they range in rare and isolated specimens up to the environs of Crakow (500 miles 
from the nearest shores of Sweden), where the northern granites are easily distin- 
guished by their character from those of the adjacent Carpathian chain, the frag- 
ments of which, like those of many other mountains, never advance more than a 
few miles beyond its flanks. In the valley of the Oder also, the same northern 
materials, quite dis tinct from those of the flanking Silesian mountains, are found 

* This spot is in the government of Kursk. • 

3 Y 
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in great abundance at Gleinitz', ^here they are extended from the chief boulder 
country north of Breslau, in a long trainee between the chain of Siles iancrystalline 
rocks on the west and the hilly districts of Poland on the east . On inspecting the 
Map, the reader will perceive, that a considerable portion of southern Poland, par- 
ticularly all that tract of palaeozoic rocks of which Kielce is the centre, is thus 
peninsulated, like the dome of Orel in Russia, between two advanced lines of 
boulders, none of which have been distributed in the intervening higher space*. 

Now, if, as we believe, it is impossible to imagine, that the detritus in question 
should have been carried across the Baltic Sea, and from the level of that sea several 
hundred miles up these streams, under any conceivable terrestrial conditions, it 
follows from this consideration alone, that all theories to account for the movement 
of such bodies over the dry surface of the earth are inadmissible. The hypothesis of 
glaciers advancing up-hill for the distance of 700 or 800 miles involve in fact 
a physical absurdity. 

But if the spread^of the northern detritus have no reference to terrestrial condi- 
tions, how is it, an opponent may say, that the valleys of the Don, the Vistula and 
the Oder are strewed over with it,whilst interjacent eminences are excluded ? We 
reply, that a submerged condition of Russia, Poland and Prussia at the period of 
the distifbution of the northern blocks being granted, there is no difficulty in sup- 
posing, that the configuration of the bottom of the waters was to a great extent 
the same as that of the present continent. In fact, we can scarcely doubt that it 
must have been so, because we have numberless proofs that the substrata were 
heaved up without any great ruptures, and must have been raised “ en masse.” 
Wq therefore conceive, that when submerged, the valleys of the Oder, the Vistula 
and the Don were marine bays or fiords, into which currents flowed from the north, 
and that the higher grounds, devoid of blocks, were then low promontories, ex- 
tending from the main land on the south, or isles adjacent to it. If, indeed, the 
larger blocks were for the most part transported upon floating icebergs, we can 

» At Oleinitz, and between that town and Oppeln, the rounded boulders are not so abundant in the low 
parts of the valley of the Oder as on hillocks of sand and gravel. The red porphyries of Sweden are 
there intermixed with northern granite, gneiss and greenstone. 

* In a report to the Academy of Sciences of Paris (January 1842) on a memoir of M. Durocher, M. 
£lie de Beaumont has noticed certain relations between the distribution of the erratic blocks, and the 
forms of the countries which they have invaded. We take this opportunity of specially recommending to 
the notice of our readers that report, in which M. Elie de Beaumont has thrown together, with great 
ability, a number of facts relating to the erratic phaenomena of northern Europe. 
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readily explain why, when melted, the contents of such masses should have been 
carried much further southward by currents into north and south bays, and why 
the interjacent banks should be void of similar sea-borne spoil. 

We were, indeed, peculiarly interested in tracing this northern detritus up such 
ancient bays, to the very edge of the Carpathians and Riesen-Gebirge, which 
mountains must, from their constitution and elevation, have formed the northern 
masses of a southern continent, when the ancient sea covered the low regions of 
Prussia, Poland and Germany. 

We have spoken of this detritus as northern^ because the blocks to which we 
previously referred, have, in a general sense, been transported from the Scandina- 
vian mountains to the south. A more extended examination of the whole phseno- 
menon compels us to view it in a broader and different light. On the east shores 
of England, particularly on that of Yorkshire, Norwegian detritus is by no means 
uncommon, and it is there mingled with some of the rocky masses which have 
been shed off from local centres of eruption in the British Islek upon the west. In 
Denmark the blocks have been derived from north and by east. In most parts of 
Prussia they can be traced to due northerly sources. We no sooner, however, 
arrive opposite the coasts of Finnish Lapland, where the •granitic and crystalline 
boundary sweeps round to north-east, than we find the direction of the blocks 
changing accordingly. The very peculiar rocks of Solamenski-kainen, for example, 
near Nijni Novogorod, liave been shown to proceed from north-west to south-east, 
whilst at Ust-Sisolsk in the government of Vologda, the Scandinavian boulders 
have had, as nearly as possible, an eastern course. 

In no instance do the Scandinavian blocks advance near to the Ural chain, a 
fact which we have endeavoured to account for by supposing, that large adjacent 
tracts upon the west, as well as the mountains themselves, were above the waters 
during the erratic period. We have, indeed, fully explained, that those mountains 
and both their flanks are void of all boulders and far-borne detritus. Though ex- 
hibiting proofs of intense dislocation, the Ural is, therefore, a perfect contrast in 
this respect to the Scandinavian chain. According to our hypothesis of floating 
icebergs, the derivation of the blocks in the one case, and their total absence in 
the other, are perfectly in accordance with natural history conditions. For as in 
Norway and Sweden glaciers now exist, so may they formerly have existed. On 
the other hand, as there is no glacier in the Ural, even up to 70“ N. lat., so ac- 
cording to the rules of the glacialist there never can have been one, since there are 

3 Y 
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Qo moraines, nor any striated and polished rocks in the whole region — effects, as 
they would say, necessarily absent where no glaciers have passed, or as we should 
say, where neither boulders nor gravel have been carried over the surface, by 
water or in floating icebergs. All the north-eastern region of Russia in Europe 
included between the Timan range and the Ural is also, as before said, void of the 
erratids from Scandinavia, but as you approach that crystalline centre the blocks 
are again found, having been extended from it to the east. 

Lastly, the young and adventurous M. Buhtlingk completed, in his short life, 
the proofs on this point, by satisfactorily establishing, that the erratic Scandinavian 
blocks bad also been shed off from the coast of Kemi into the bay of Onega, and 
from Russian Lapland into the Icy Sea, both in northerly, north-westerly and 
north-easterly directions ; and thus nearly the whole periphery of their origin 
having been surveyed, we know, that by whatever cause determined, the Scandi- 
navian 'blocks were on the whole, transported to their present positions by great 
excentric movements. What, then, was the nature of these movements ? If, for 
the reasons already assigned and others on which we shall hereafter dwell, terres- 
trial glaciers be considered agents which can never explain such phsenomena, there 
are, it appears to us, only two methods of accounting for such far-borne detritus. 
One of these is the action of drift, by which fragments of mountain chains, dis- 
severed from their parent masses at periods of disturbance and oscillation, have 
been transported to great distances by powerful currents of water; the other, 
the floating away of ice islands from the edges of chains, formerly encompassed by 
sea-advancing glaciers, which isles, after sailing in certain directions, have dropped 
their loads on the bottom of the sea ; that sea bottom on which the blocks are 
distributed having been since raised into the dry land. Let us consider these two 
operations in reference to the facts with which we are acquainted, and see how far 
each can be made to explain the several conditions under which we find the far- 
transported detritus. 

And first as to icebergs. The examination of the boulders of the north has 
led us to adhere to the belief, which we have long entertained, that there, as in 
central England, the largest blocks were transported to their present positions in 
ice-floes which broke loose from former glaciers. We, therefore, think, that ice 
and snow may, at one time, have covered large parts of Scandinavia and Lapland ; 
that glaciers advanced from thence to the edges of the sea of the post-pliocene or 
block period, and that finally upon an alteration of climate, probably occasioned by 
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gudden guccesgive changes in the relations of land and water, these glaciers were 
broken up, and fragments of them, constituting isles with included blocks, Vere 
transported during long periods to the south. As it is demonstrable, that the whole 
region has undergone great variation of relative level subsequent to this dispersion 
of the blocks, by the conversion of the ancient bed of the sea into a continent, so 
are we disposed to think, that this change was caused by general expansivB forces 
from beneath, which, unable to obtain a vent through any fissures, in the uniform 
crust of sediment which is spread over this undisturbed region, raised up en masse 
the strata by which they were repressed. 

Under the belief that the sea covered all these flat regions when the detritus was 
dispersed, it is not difficult to explain, why the larger blocks are more frequently 
found associated with clay than sand. Icebergs such as now float in the Antarctic 
and Pacific Seas, and to which we have elsewhere referred’, must we conceive have 
offered rough, jagged and unequal bottoms, which impinging on submarine undu- 
lations of mud or clay, would naturally be thereby arrested and often held in oscil- 
lation until the glacial masses dissolved and deposited their loads ; but the loose 
and incoherent sands, often arranged over widely-extended flat surfaces, would op- 
pose comparatively no such obstacles, and the hard, icy mass easily forcing onwards 
would proceed until its bottom impinged upon a bank. We shall presently ad- 
vert to Swedish examples which, illustrating this process, serve to explain, why 
the greater number of the large boulders are lound in groups on the summits and 
slopes of hills. In the meantime, if such were the ancient conditions under which 
the boulders were deposited over the plains of Russia and Northern Germany, it is 
clear that we cannot deny the application of this aqueous portion of the glacial 
theory to those tracts. We will not here recapitulate our general reasoning for the 
adoption of such views, which we formerly applied to Scotland ; not from any study 
of Alpine phaenomena, but from the facts then before us, and the perusal of the 
persuasive writings of Mr. C. Darwin. We then thought, that under certain change.s 
of sea and land, as pointed out by him, ice might have been formed on the shores 
of former islands which now appear as the mountains of Scotland and Cumberland. 
Though we now see reasons to limit and modify this view in reference to those 

■ See Siluriam System, p. 541, et ante, in which some of the icebergs of the Pacific are described as 
being 300 feet above the sea, and as having a depth of near 2000 feet below its surface. 'Die practical, 
application of this phssnomenon in illustrating the condition of certain Swedish phsenomena will be given 
towards the close of this chapter. , 
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countries (of which hereafter), we think that its application to Scandinavia, Lap- 
land knd the northernmost limits of Russia proper, will to a great extent solve our 
problem. Before this chapter is concluded we will go a step further, and looking 
back to the region itself, which may be supposed to have been glacial, because it is 
the seat of the origin of the transported blocks, we shall see how far the phsenomena 
which it presents accord with our views. 

In Russia our time only permitted us to examine personally the southern edges 
of the rocky or northern region from whence all the detritus has travelled ; but we 
there actually saw in the government of Olonetz examples of the polished surfaces 
of hard rocks' accompanied by many parallel scratches, all of which, as we before 
said, proceeded from north-north-west to south- south-east. These polished and 
scratched surfaces are exactly like those with which we have been long familiar in 
parts of Scotland, and are, as it will he shown, common to all regions of hard rock 
over which drift and blocks have moved. 

The direction of thcscratches on the rocks in the environs of Petrozavodsk is pre- 
cisely coincident with the major axis of the Great Lake (almost a freshwater sea), 
and of all the minor parallel lakes of this region. No one can inspect a map of 
this tract without being forcibly struck by the parallelisms of these numerous long 
and narrow lakes, the longer eixes of which, like those of Finland, are all directed 
from north-north-east to south-south-west, or in the same line as the drift. Seeing 
that these lakes, in the region to which we now allude, are hanked by long parallel 
ridges of plutonic rocks, we are disposed to think, that the cavities now occupied 
by water may have resulted from ancient cracks or fissures. During six months of 
the year they are still covered with ice, to some of the operations of which we 
shall advert in the next chapter. 

And here we beg to be excused, for again showing the utter inapplicability of the 
subaerial glacial theory to the Russian phsenomena. An essential condition in that 
theory, as modified by Professor James Forbes, is the existence of high mountains 
from the edges of which glaciers may have gravitated into contiguous lower grounds ; 
for no modern glacier has been formed without such conditions. Even at Spitzbergen 
and in the highest latitudes, the French naturalist M. Martens has observed, that 
the formation of a glacier is invariably dependent on the inclination and form 
of the ground, the valleys of great width and with open sides being necessarily void 
bf them ; for in such situations the accumulated snow never consolidates into a 
glacier. Now in the region near the lake Onega there are no mountains either 
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contiguous or distant ! Elevations of 400 and 500 feet in height above the adja- 
cent lakes, are indeed as prevalent to the south and east as they are to the north- 
west of the spots so scratched, and hence we are unable to imagine any process by 
which glaciers could have advanced, and always precisely in the same direction as 
all the great fissures of the country, and the far-transported blocks*. 

The same objections to the scratches and polishing by the action of glaciers, as 
those which have been mentioned in the case of the Lake Onega, may be urged in 
relation to very large countries in Scandinavia (also striated and polished) ; viz. 
the absence of mountains whence glaciers can have moved forward. In no district, 
perhaps, is this objection more apparent than on the eastern shores of the Bothnian 
Gulf, where the scratches and drift both proceed in a south-easterly direction. If 
these marks were caused by the movement of glaciers, advancing from the north- 
west, they must have proceeded from the opposite coast of Sweden, where there 
are no high grounds. Again, the great arm of the Baltic Sea (the Bothnian Gulf) 
intervenes', and hence if a subaerial condition of things b6 imagined, this sea 
must then have been one permanent mass of ice, or a valley filled with glacial 
detritus through which the glaciers advanced from Sweden, before they imprinted 
their first scratches on the opposite shores of Finland. Such an inference would^ 
be, it is true, in one respect analogous to that part of the Alpine glacial*theory by 
which M. Agassiz supposes, that not only the lake of Geneva but all the deep 
chasms between the Alps and the Jura (a depth of many thousand feet) were for- 
merly filled up with solid ice. But even if we admit the much greater increment 
of ice, magnify the lake of Geneva into the Baltic, and abandon ourselves, for 
argument sake, to the Alpine hypothesis, how are we to explain the passgge of 
the blocks, not over the Baltic, but up into the hilly tracts of Finland, with 
anything like the present levels? Then, again, how imagine the advance of 

* M. Bohtlingk did not merely show, that the blocks are transported execntrically from Scandinavia 
and Lapland, but also that the rocks arc invariably worn down and striated on the side from whence the 
drift has passed. See the arrows in the Map, PI. VL, which rudely indicate such directions and phicno- 
mena around the nucleus of those northern countries. 

* Where we examined them, in the environs of Abo, as well as in the Isles of Aland, thq rocks are all 
worn down on their north- north-western faces, and the striae proceed from north-north-west to south- 
south-east. We therefore believe that the chief masses of granite in Courland have been derived from 
the Aland Isles. But even if this be so, the argument is just the same : indeed the case is more difli-^ 
cult, if we are to imagine that glaciers advanced over the frozen Baltic from the Aland Isles to Mitau, the 
distance being much greater ! 
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glaciers having fronts of such vast dimensions ? How, again, could they have pro* 
duced throughout their course, over undulating countries, the same persistent 
scratches? How, in a word, could they have moved up-hill throughout such vast 
spaces? Does not the direction of every modern glacier, even those which ad- 
vance to the sea, differ with the form of the background and of the ridges which 
encase it ? And if so, how is it conceivable that the striae in this part of the world 
should have been made by glaciers properly so called ? So much therefore for the 
glacial terrestrial, theory as inapplicable to the low regions of hard Scandinavian 
rocks. 

To the hypothesis, which supposes, that all these phaenomena may have been 
produced by water, it is objected, that nowhere in existing nature has a “ vera 
causa ” been found to support it. The advance of ice, say they who oppose the 
action of water, must have produced such scratches and polishings, because we see 
that modem glaciers produce like effects, whilst water, they add, never could with 
any materials which It hurled down, have left such parallel and decisive marks of 
its passage in one direction. In support of this view they appeal to the beds of 
mountain torrents and rivers which have been recently acted on by water and 
.pebbles, and not dnding'any parallel scratchings under such conditions, they reject 
the use of water as a power which could have produced such results. Now before 
we can arrive at just and rational general conclusions, a greater number of data 
must be got together, than those which have yet been collected. It is idle to in- 
terrogate beds of torrents and rivers, where succeeding droughts and frosts destroy 
the ephemeral marks made by the water of the previous season. There can be 
scarcv^ly any analogy between such cases and the effects which we imagine to have 
been produced by drift, which streaming down from the opposite sides of chains 
in the process of elevation, is supposed so to have ground down and furrowed with 
deep scratches the subjacent rocks. Have we yet experimented in any way on 
hard surfaces under such conditions? and if not, ought we to reject all the 
inferences which they involve ? If it be impossible that human beings should 
ever be placed in situations to observe such debacles as we think must have 
occurred, when the bottoms of seas were raised into dry lands, let us, at all events, 
institute experiments upon a small scale, which if well-conducted, may enable us 
in some degree to form correct opinions. But may we not considerably extend 
*our belief in the transporting power of water, now that the ingenious experiments 
of Mr. Scott Russell on waves of translation, and the mathematical application of 
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them by Mr. Hopkins to geological phenomena, have shown that elevations of 
continental masses of -only fifty feet each, from beneath an ocean having a depth 
of 300 or 400 feet, would cause the most powerful divergent waves, which could 
transport large boulders to great distances'? 

Granting, however, that water has exercised all the influence attributed to it 
by these philosophers, the existence of intervening deep valleys, transverse to the 
direction which the erratic drift has taken, and the subangular state of many of 
the far-borne blocks, must prevent our adoption of this agency onjy, as explaining 
all the conditions of the problem. Strengthened by having ourselves found marine 
shells associated with erratic blocks, we have previously expressed our agreement 
with Mr. Lyell, that the bottoms of icebergs grating upon submarine rocks may 
occasionally have furrowed, scratched, and polished their surfaces, precisely in the 

• 

> “ In describing the motion of such masses of water, Mr. Ho])kin8 invokes the aid of those waves of 
translation whose properties have been reduced to laws by the ingenious a»d valuable researches of 
Mr. Scott Russell, and who, giving us measures of their relative velocity and power, has brought forward 
exact proofs of the transference by them of solid bodies immersed in water, Such waves have in fact been 
generated by the experiments of Mr. Scott Russell, exactly in the same way as Mr. Hopkins supposes 
waves to have originated on the great geological scale. These experimentJS prove, that a sudden eleva- 
tion of a solid mass from beneath the water, causes a corresponding elevation of the surface ^ the fluid, 
which infallibly jiroduces a wave of translation of the first order. Now this wave is termed one of trans^ 
lation, because it is found not to rise and fall like common waves, but wholly to rise and maintain itself 
above the level of the water. Arguing that this wave is projiagated with a velocity which varies with 
the square root of the depth of the ocean, Mr. Russell determines the velocity of wave transmission ; but 
what is of most importance to the geologist is, that the old idea of the agitation and power of waves ex- 
tending a little way dowm only in the sea, is found to be not true as touching waves of translation ; for 
Mr. Scott Russell has ascertained that when they are in action, the motion of the particles of the water 
is nearly as great at the bottom as at the top. He further shows, that the body moved at tlie bottom, is 
not rolled backwards and forwaids as by a common surface- wave, but has a continuous forward motion 
during the whole transit of the wave’s length. A complete transposition does therefore result from the 
wave transit ; and the wave of translation, says Mr. Scott Russell, may be regarded as a mechanical 
agent for the transmission of power as complete ind perfect as the lever or the inclined plane. 

“ Arguing from tliese remarkable data, and applying them to our geological phsenomena, Mr. Hopkins 
states, that currents of twenty- five and thirty miles an hour may be easily accounted for, if repetitions of 
elevations of from 1 GO to 200 feet be granted ; and with motive jiowers producing a repetition of such 
waves, this author has no difficulty in transporting to great distances, masses of rock of latger dimen- 
sions than any boulders in the North of England.*' See Mr. Murchison's Anniversary Address to the 
Geological Society (anno 1843), Proc. Geol. Soc. vol. iv. p. 9. Mr. Scott Russell's views were first ex- 
plained to the Meeting of the British Association for the Advancement of Science in 1843, and are now 
preparing for publication. 
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same way as glaciers act on the solid rocks over which they are propelled'. But 
such a cause, however it may have acted partially, is totally inadequate to explain 
the genefpl striation of the Scandinavian continent. Again, though great waves of 
translation, moving in determinate directions dependent on oscillations of the land, 
may account for the transport of rolled debris to given points, they cannot be alone 
appealed to, as having produced the symmetrical and parallel striae on the surface 
of the rocks. An examination, however, of the former condition of the accumu- 
lations which hqve been so transported, or in other words, of the nature of the 
bodies which have scratched the rocks, may serve to clear away the obscurity 
which still veils this subject. 

We have already shown, that parallel scratches on the surface of polished rocks 
exist in low tracts at vast distances from mountains, and at the same time have 
stated,, that the presence of high mountains behind a glacier is indispensable both 
to the former presence of such a body, and according to experiment and demon- 
stration, to the possibility of its movement. Geologists must, therefore, satisfy 
themselves if there be no other mode of accounting for such polishing and scratch- 
ing, besides the incumbent pressure of moving masses of ice. We in no way 
contend against the vatiue of the explanation of the action of glaciers in Alpine 
regions nay, we perfectly subscribe to it, and thank its able expounders for 
having afforded us so good an analogy. We would even make use of the theory 
to enable us better to comprehend, how certain masses w'hich still cover the earth 
and are present to our eyes, in regions where glaciers never can have existed, may 
have yet produced the same results. Let us explain our meaning. In very nu- 
mea>us countries, whether in low situations, or in those parallels of latitude where 
no permanent ice has been known within the historic period, scratched and polished 
rocks have been observed. Now in all, or nearly all such tracts, we are also aware 
of the prevalence of greater or smaller quantities of drifted detritus. If the tract 
be rocky and broken up by dislocations, this drift has passed over the shoulders of 
the hills and through the gorges, frequently lodging itself in part upon them, but 
generally having been carried into the adjacent depressions. Captivated by the 
glacial theory, which shows that moraines are the residue of glaciers, some geolo- 

» Principles of Geology, vol. i. p. 265, fourth edition. See also Mr. Murchison’s Anniversary Addresses 
to the Geological Society of London, Proc. GeoL Soc. vol. iii. p. 686 et seq. and vol. iv. p. 90, in which 
a great many points in the theories of drift and glaciers are discussed, and where it is shown that Mr. P. 
Dobson, of the Unitpd States, was the first person who suggested this idea. 
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gists hastily concluded, that all accumulations of like external form, in the neigh- 
bourhood of which, scored and polished surfaces of hard rocks appear, are “true 
glacial moraines. We utterly deny this inference, which would even compel us to 
believe in the former existence of glaciers in a greater number of low than lofty 
positions. We think, that with no other agents than those which are still exhibited 
as geological signs, many of the appearances which have been recently refd^red to 
glacial action may be satisfactorily accounted for. 

In regard to the theory which explains the advance of glaciers, it may be said, 
that all the authors who have written on that subject, refer tbe scratching and 
polishing process to the same cause — the great incumbent weight of a mass, which 
moving in a given and determinate direction, and passing over all minor obstacles, 
has produced that result by the moist sand and gravel at its base. Now, in our 
opinion, the great heaps of drift (whether derived from distant or adjacent hills) 
must at one period of their movement have produced similar impressions upon the 
subjacent rocks. For what was the condition of the drift at the particular periods 
of translation to which we refer, i. e. when rocks covered with gravel, sand and 
shingle, were raised up from beneath the sea ? In its essential properties of weight, 
solidity, ductility, and materials for polishing and scoring at its base, a mass of 
moistened drift, one or two hundred feet in height, and a mile or two "in length, 
must have embodied nearly all the properties of a glacier, the nature of the move- 
ment and the actual state of such mass of detritus being properly understood. 

Polished and scored surfaces of rock were, indeed, well known before the glacial 
theory came into fashion. They were long ago pointed out by Sir James Hall, 
Dr. Buckland and other observers, who then supposed that the striae were due to 
the rush of torrents in given directions, hurling with them stones and gravel. The 
objection to this explanation is, as before said, that the ordinary torrential action 
of water is too irregular to have produced a general parallelism of striae. But in 
bringing to the mind’s eye, as w'e here attempt to do, the manner in which masses 
of moist and pliant detritus were shouldered off the sides of mountains and hills 
or forced through gorges, we must recollect that, in the cases to which we appeal, 
we have to treat of materials which, previously under the sea, were subseq^uently and 
often violently thrown otF into depressions upon the elevation of the bottom of that 
sea or the lowering of an adjacent tract. The first effect of such a process would 
be to pour ofif large waves of translation with many loose materials, but the greater* 
heaps of broken matter beneath such waves being comparatively drained by the 

3 z 2 
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first rush of the waters, would be in the condition of moist pliable masses of great 
weiglit, which, in every situation that ofiered sufiicient declivity, would be forced 
either by the influence of the superincumbent wave or by their own momentum 
into the adjacent depressions, and like the glaciers of the Alps, would follow the 
inclined planes or main courses of the newly-formed valleys. 

Whd that has studied the detritus of mountain chains will not admit, that in 
cubic measure and in weight the masses which now encumber certain narrow 
valleys, wherever their extension into the plains has been checked by local ob- 
stacles, are not as massive and as thick as the highest moraine ever left by a 
glacier ? 

And if so, will any one deny, that such moving masses of gravel, sand and blocks, 
so piled up as to have the full weight of the largest glacier, may not have produced 
the same mechanical results upon their under surface ? If the geologist asserts his 
belief, tliat such was the condition of things, and also shows that such heaps have 
very frequently fine sand and gravel at their lower extremities, will not the me- 
chanic support him in his opinion, that not only the subjacent rocks over which 
these heavy plastic masses of detritus travelled, but also the sides of the valleys 
against which when confined they pressed, may have been grooved and scored by 
them as well as by a glacier ? The glacier, it is true, travels slowly, whilst under 
our hypothesis, the moistened drift must have moved more rapidly. But might 
not the same effects follow ? Will not a heavy incumbentmass scratch and polish 
by rapid as well as by slow action ? 

Let this view be objected to : still it is clear that no geologist can venture to 
appeal to subacrial phaenomena in reference to any of those numerous tracts, the 
coarse detrital accumulations of which were formed under the sea and are often 
associated with marine shells. If we, then, collate the whole of the elements of 
the problem of superficial detritus, including the scoring and polishing of rocks 
and the transport to distant places of huge blocks, and find that in a great 
multitude of cases, a prior submarine condition of things and subsequent eleva- 
tions of mountains, or depressions of adjacent basins are essential postulates, we at 
once confipe the application of glaciers to limited centres of action. Freeing 
ourselves from hasty generalizations drawn from a few isolated data, we appeal also 
to other “ verse causae ” which are still before our eyes, and which were set in 
•movement when the surface of the planet underwent great mutations, and when 
the desiccation of vast oceanic regions was accomplished by elevation from beneath. 
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Whilst, however, we think that large portions of superficial drift have so acted as 
to produce precisely the same eflfects as glaciers, both upon the subjacent and late- 
rally adjacent rocks over which they travelled, we would carefully avoid falling into 
the error of some persons, who, advocating the general icy theory, have endeavoured 
to bring all the detrital phaenomena into one category. We think, that wherever 
from the latitude of the mountains and their altitude, glaciers may naturatly have 
existed, the glacialists are there fully entitled to apply those doctrines which they 
have been taught by a study of the Alps. Thus in reference to the coldest and 
highest regions of Scandinavia and Lapland, we can see no sort of objection to 
their once having been the seat of glaciers, whose feet extended to the lower sur- 
rounding regions, then covered by the sea. It is, therefore, quite consistent with 
modern observations, that masses of ice detached from time to time in the form of 
floating icebergs, should have carried their loads, in the manner observed by many 
navigators, to great distances before they dropped them. In a word, the blocks of 
the plains of Prussia and Russia with reference to Scandintivia are, we contend, 
precisely analogous to the coarse detrital matter observed by Capt. Sir Jarnes Ross, 
and which floating northwards in icebergs from the Antan^tic pole, has actually been 
strewed over the bottom of those seas at the distance of handreds of miles from the 
source of its origin. An elevation of the bottom of that ocean would, in^ruth, offer 
to us an Antarctic Russia and Poland. The direction in which the Scandinavian 
boulders have been trafisported, is to us a distinct proof, that their propulsion was 
due to the upheaval of a chain which in its elevation must have forced oft' exccntric 
currents that carried with them or drifted the broken materials on its flanks, often 
lodging them in the form of long “ osars,” or by impelling forwards ice-floes con- 
taining other blocks in such currents. In this operation there must ncv^essarily 
have been a combination of the agencies of ice with powerful currents of water and 
half-frozen detritus, and we can very readily believe, how such masses grating over 
the slopes of the northern crystalline rocks, then forming the bottom of the sea ad- 
jacent to the elevated chain, may have occasionally produced marks of abrasion, 
scoring and polish like those to which we have alluded. By such operations we may 
figure to ourselves how some of the low and hard rocks on the soutlier,n shores of 
Finland, Sweden and Russian Lapland, were scored and abraded — always, however, 
in the dominant direction of the great current ; and whilst the very distantly trans- 
ported blocks were carried to their present habitats by floats of ice, we can alscT 
suppose, how a large proportion of the mud, sand and gravel was the residue of great 
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streams diverging from the elevated chain and distributing these materials in the 
trainees which have heen described. The next process which followed in Russia 
and Prussia was the desiccation of the submarine low tracts by their final elevation 
from beneath the sea. Now if this upheaval had been violent, like that of the 
strata in many parts of the British Isles and in other parts of Europe, where beds 
containing marine shells occur at very different altitudes* within very limited di- 
stances, and the subjacent strata are dislocated, contorted and sometimes reversed, 
similar results would have followed, and the drift would have been thrown off on 
the flanks of each protruded band of rocks and deposited on its sides or in hollows, 
in the manner we have alluded to. Such, however, was not the mode in which 
those vast low countries of the north-east were raised from beneath the sea. Their 
ascent was accomplished, on the contrary, without any violent fractures or dismem- 
berments of the subjacent rocks, and simply by an equable elevation “ en masse”; 
and hence the detrital matter, as well as the surface of the subsoil on which it rests, 
are necessarily, we bfelieve, presented to us with very much the same aspect as 
when they lay beneath the sea. But even if considerable violence had been used 
in this operation (and we can conceive no phajnomenon of such an extent without 
great degradation) , still from its veVy nature, the subsoil of Russia, void as it is of 
all crystalline character, and for the most part incoherent and soft, can never have 
been in a condition to exhibit on its surface any of those striated appearances 
which in lofty and alpine regions have been produced by flie friction of glaciers, 
and which in the low and gnarled promontories of the south of Ireland and Swe- 
den, as well as in many parts of France, Scotland and England, to some of which 
we sjjall presently advert, have, as we think, unquestionably resulted from the 
friction of incumbent masses of local and moistened drift. 

We must here meet an objection which may be made to our views of a sub- 
marine condition of the surface of Russia at the period of transport. It may be 
said, that marine remains have not been found in the Russian detritus. We not 
only, however, appeal to England, where such sea-shells and distant blocks are 
found together, but also to Denmark, where the drift, full of large northern 
boulders, is, in fact, a portion of the great transported masses in question, and has 
been shown by Prof. Forchhammer, Dr. Beck and Mr. Lyell to contain quasi- 
modern sea-shells ; and we have ourselves shown, that similar shells exist beneath 
fhe drift in the north-eastern extremity of Russia. Knowing how long a period 

' See Silurian System, p. 534. 
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elapsed before such shelly marine remains were discovered in the central counties 
of England, and reminding our readers that Russia has, as yet, been very littk ex- 
amined, we have no doubt that additional similar proofs will be hereafter obtained 
in it. But even should such be more extensively discovered, they may, after all, prove 
exceptions to the general rule, and we found this opinion upon the very nature of 
the prominent masses of the detritus and our idea of its origin. Those portions of it 
which were formed by powerful currents dependent on upheavals and depressions 
cannot be expected to contain sea shells. Still less could the glaciers which we have 
supposed to exist formerly in Scandinavia have contained marine exuvia;, for, as 
in the Alps and similar centres, they must have been chiefly charged with blocks, 
gravel, mud and sand. The portions of masses thus originally constituted being 
floated to southern tracts and melted, would cover over the bottoms of seas with 
thin, irregularly heaped-up materials, and thus can we explain why such deposits, 
though becoming truly submarine, should rarely, if ever a])pear in conjunction with 
sea shells, — ice, if we may so express ourselves, having been the chief agent by^ 
which a subaHrial impress has been given to large portions of the loltoin of the 
ocean. 
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DRIFT AND ERRATIC BLOCKS OF SCANDLNAVIA (continued).— ABRA- 
SION AND STRIATION OF ROCKS. 

Detritus of Denmark shows the long continuance of submarine conditions ^ and the di- 
spersion of Boulders at various periods, — Striation^ and its excentric direction in 
Norway as well as in Norih-easteryi Lapland, prove the Northern Scandinavian 
Mountains to have been the Centre whence all the Detritus radiated. — Powerful 
denudation of Sweden. — Its southern Promontories and the Islands in the Bothnian 
Gulf worn down and striated on their Northern Faces, and unaffected on their 
Southern Sides. — These results referred to the passage of the Osar Drift. — Ulus- 
• tration of the distinction between the Osars, as formed by Aqueous Action only, 
and the great Angular Blochs as transported by Ice-floes. — The Drift in Great 
Britain and Ireland shown to have equally produced the Striation and Polish of 
Rocks as in Sweden. — Reference to the Striated Rocks of Greece; and supposed 
Elevation of adjacent Sea-bottoms applied to the argument derived from the pre- 
sence of Shells of Arctic Characters. — Limits of the ancient terrestrial Icy Tract 
of the North. — Large Eastern and Southern Lands above the Sea and inhabited by 
Mammoths, whilst the Countries covered by foreign Drift were beneath it. 

Our chief observations on the Russian and German detritus, such as they were 
when we last returned from those countries, as well as our theoretical views of its 
production being stated, we now proceed to offer the result of a more recent 
survey of Sweden and Norway, which strongly corroborates the conclusions at 
which we had previously arrived. Let us first, however, say a few words on the 
zone of drift which has been lodged upon Denmark. 

The enormous quantities of broken, loose materials which have been poured off 
mto the German Ocean may be imagined, from the relics of the detrital masses 
which have been transported to the cliffs of Norfolk and Yorkshire in England. 
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In Denmark, indeed, whether in Holstein, Seeland or Jutland, the fundamental 
rock of the country, or chalk, is so covered with foreign materials, that in* his 
valuable geological map of that region, our friend Professor Forchhammer has 
chiefly had to indicate their varied nature. In his description of these detrital 
masses he has shown, that though formed at different periods they are all charged 
with northern boulders. The earliest of these are beds, which he consid*ers as 
closing the cretaceous epoch ; the included northern fragments (not, however, of 
great size) being in this instance associated with corallines. The next, in which 
boulders of considerable size occur, contains shells of the sub-apennine or miocene 
age — shells which bespeak a Mediterranean, climate. The strata of these periods 
are here and there much dislocated, a phsenomenon which will not appear strange 
to those who have observed the highly inclined beds, also of miocene age, and charged 
with large boulders, which constitute the high peaks of the Superga near Turin. 
No one has ever contended that such boulder beds of the north of Italy, associated 
as they are with shells of a former Mediterranean sea, were connected with glacial 
operations ; and as little can it be argued, that their analogues in the north should 
have been so formed ; any sort of glacial action under conditions of so warm a 
temperature being quite inadmissible. The succeeding superficial deposit in Den- 
mark, where it forms whole cliffs, is that which is, properly speaking, oifr Russian 
and German drift, or “ the boulder clay ” of Forchhammer. In this western region, 
which is not far from tlfc source of their origin, the blocks are often of gigantic 
size, and are associated with sands and sandy clay, containing fragments of modern 
shells, like those of the adjacent open northern sea, viz. Balanus, Corhula nuclcvs 
and Cyprina Islandica. Afcording to Professor Forchhammer, this coarse drif^has 
recently so undergone regeneration, as to form long ridges of sand and gravel which 
have been thrown up in reefs or shingle banks within the historic aera. 

Besides these boulders and their associates, there are other superficial deposits 
in Denmark which indicate successive elevations and changes. The blocks, for 
example, often occur in lines along great fractures or parallel to them, and are 
then associated with Mytilus edulis, Cardium edule, Buccinum reliculaium, all indi- 
cating raised beaches. Again, wherever blue clay prevails, the Mya or Hiatella 
Arctica occurs, which being a deep sea shell, indicates that it has been thrown up 
and mixed with littoral shells. It is unnecessary that we should here attempt to 
describe all the successive changes which have occurred in Denmark between the 
time of the transport of the coarse boulders and the present day. All which it con- 
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oerns us to point out, is the manner in ’whidi the coarser block detritus has been 
piled up, and to endeavour to explain the manner in which we conceive it has been 
swept from the north. 

Completely agreeing with Prof. Forchhammer, that the northern detritus in 
Denmark must have been accumulated under water, we can nevertheless scarcely 
ventui^ to adopt the whole of his belief, that it can all have been aggregated by 
ordinary submarine currents, brought into play by moderate and gradual oscillations 

of the land. A much more powerful cause than any now in action is, we think, 

« 

required to explain the surface phaenomenon of Scandinavia. 

Whether He examine the hard and crystalline rocks on the sides of the Nor- 
wegian fiords, or traverse the promontories towards the interior of that country, 
some of which, in the southern region, are upwards of 2000 feet, and others in 

the north about twice that height above the sea, we find the surface powerfully 

•• 

eroded, frequently much worn down and polished, and their surface marked in 
numerous places by parallel furrows and innumerable fine mechanical striae. 
Either at the head of the Gulf of Christiania, or in the high grounds of Ringe- 
rigge, all the striae and markings which fell under our observation are directed 
from north-north-west to south-south-east, and this is the normal direction assigned 
to the gi\jater number of the Norwegian scratches by Professor Keilhau. That 
author has observed such striae upon the surface of opposite and high plateaux, 
where the detrital materials which produced such stri&tion must have passed 
athwart valleys of great depth, and whose base is now occupied by lakes. In such 
cases he imagines that the amount of detritus must have been so mighty, as to fill 
up ^1 the intervening cavities, though in other valleys the direction of the striae is 
found to deviate from the normal line, and to sweep, as by an eddy, round the 
flanks of the mountain. In Norway, at least in the southern parts, with which we 
are alone acquainted, the northern faces of the promontories are much worn down, 
abraded, polished and scratched, whilst their southern faces, generally more abrupt, 
are in a rough and natural condition\ Such, in fact, are many of the rocky isles, 
or “ skars^,” which the traveller sails by, as he ascends by Gottenburg to the bay 
• 

^ Professor Keilhau pointed out to us a phsenomend^ in the upland valley above Christiania, more than 
two miles from the sea, and certainly 200 or 300 feet above it, which is of high interest in showing that 
^ all the scratches of the rock must have been brought about by submarine agency. The Silurian rocks on 
the sides of the valley are there perforated by Pholades apparently of existing species, 

3 “ Skar,” Swedish for a sea-rock. Os/' Swedish for a pile of gravel, is osar" in the plural. 
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of Christiania. We defer, however, considering the origin of this form of outline 
until we treat of Sweden, where these appearances are still more frequent. * 

If the axis of Norway and Lapland was the great centre, from whence the chief 
masses of the detritus which cover Sweden have been derived, the latter country 
is highly interesting, in showing us the manner in which such detritus is piled up, 
and the manner in which it is associated with the phsenomenon of the striatiSn and 
polish of the rocks. Professor Sefstrom, to whose opinions we have before alluded, 
is the author most entitled to praise for having excited attention to the phaenome- 
non of southern Sweden. He has endeavoured to show, that the osars, or boulder 
ridges of that country, are peculiar to it ; a point on which we can scarcely coincide 
with him, since we are acquainted with many diluvial ridges in Scotland, Ireland, 
and other countries which so resemble the Swedish osars in length, height and ar- 
rangement of materials, that they must have had the same origin'. If such “osars” 
were situated near an alpine range, the advocates for the glacial theory would at 
once call them “moraines.” But whatever they be named, ’it is quite manifest 
that they have been formed by water, since the boulders which occur throughout 
them are uniformly rounded as if by much powerful attrition. These osars, each 
seldom more than a mile in length, though often forming*a prolonged series, are ^ 
common over nearly all the fiat regions of Sweden ; and as there are no Ihountains 
of any altitude whatever from the southern edges of Lapland to the parallel of 
Torneo, it is quite impos'sible, independent of other reasons, that such ridges should 
be the residue of glaciers ; for nowhere, as before said, are there elevated centres 
from which glaciers can have advanced. The whole of the superficial phaenomena 
of the country are indeed at variance with this hypothesis ; for still more clgarly 
than in Norway are all the hard and crystalline rocks affected by furrows and 
striae, the normal direction of which is from north-north-west to south-south-east, 
and still more are the north sides of each promontory worn down, polished and 
striated, whilst the south sides are abrupt, rough, and void of all such appearances. 
It was the generality of this phsenomenon in all those parts of Sweden known to hini, 
that impressed Sefstrom with the conviction, that nothing short of a violent flood 
from the north, which had hurled loads of coarse detritus with great vehemence 

' Mr. Murchison was singularly indebted to Baron Berzelius, who warmly advocates the chief features 
of Sefstrom’s view, for having pointed out in detail the structure of the great os of Stockholm, and some ^ 
remarkably beautiful examples of the polish and striation of the rocks, which are quite analogous to those 
around Edinburgh and in many other parts of the British Isles. 
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against the northern sides of the hills, could have produced such grinding, polishing 
anrf abrading results. The position and form of the osars he explained by supposing, 
that the force of the deluge being exhausted upon each of these promontories whose 
northern sides it wore down, “ stoss seite,” the waters had simply power to pile up 
the rude and rounded materials in lower lineal ridges, which being under the shelter, 
or “ lee side” of the hill, would thus be protected from the powerful efforts of the 
general current. 

We could not examine the materials of the great os close to Stockholm, nor of 
those adjacent to Upsala and other parts of Sweden without being convinced, that 
they never could have been accumulated by currents of like force and energy to 
those which now prevail in any part of the world. They all bespeak, that an enor- 
mous power has piled up such colossal heaps and completely rounded the blocks 
contained in them. By whatever force transported from north-north-west to south- 
south-east, or from north and by west to south and by east (for such are the linear 
directions of the principal Swedish osars), these masses, whose materials show that 
they have travelled over the low promontories of this country, could not, at all 
events, have been moved over that surface without producing extraordinary denu- 
dation of the subjacefit rocks. And what does Sweden exhibit? A crystalline 
nucleus 6f ancient gneiss, or granite worn down, ground and polished, in the very 
direction in which the drift has moved ; nay, more, from the outliers of Silurian 
strata, often horizontal, which remain as islets of denudation, perched upon this 
broad crystalline expanse, we know that beds, so similar in composition, contents 
and position at distant and intermediate places, must once have had a very wide 
continuance over the low lands of Sweden. But such has been the force of 
erosion and the power of drift, that i-Q-oths of these deposits have been borne away 
and lodged either in the depression of the Baltic Sea or carried into the plains of 
Germany ; innumerable fragments of them with many Silurian fossils having been 
transported to the low grounds of Brunswick* and Prussia, &c. So much Silurian 
spoil has been spread over these tracts, that if swept back to Sweden it would 
indeed, to a great extent, fill up the interstices between the detached masses of the 
denuded (Strata of that country. 

This grinding down, as it were, to the earliest-formed solid rocks, is in itself a 

See Kloden s work on the fossils of the March of Brandenburg and northern Oerman plains. All 
these fossils have been transported from Sweden. (Versteinerungen der Mark Brandenburg. Berlin, 
1834 .) 
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proof of the stupendous denuding power of that great operation ; and when we look 
to the surface of those crystalline rocks themselves, still more are we astontshed 
at the influence which must have been exerted. We now specially allude to the 
“ stoss seite,” or worn side of all the rocks exposed to the north, as contrasted 
with their natural or lee side. Without a personal visit to Sweden and without 

o 

crossing the Gulf of Bothnia, from Stockholm to Abo, we could, indeed, have 
formed no conception of the grandeur and uniformity of this phsenomenon. We 
there threaded our way through hundreds of small isles, none of them rising to 
more than 60 or 100 feet above the Baltic Sea, and found that the north side of 
every one exposed a face, worn down, rounded, polished and striafed, as if by a 
stupendous macerating weight, whilst every south face was abrupt and rough. On 
the one side, in short, all is mechanical, as if the surface had been planed down by 
art ; on the other all is rugged and natural. No one, we say, who has ever glanced 
at such marvellous and uniform appearances, would any longer contend, that they 
can have been produced by ordinary tides and currents. Nothing, in a word, short 
of the passage of an infinite number of heavy glaciers and their moraines, or of the 
coarse drift or osar current, which swept with it the great mass of the transition rocks 
into the plains of Germany, could have accomplished suA mighty ends. The on^ 
ward march of glaciers over these flat regions and seas being inadmissible; elevations 
of the Scandinavian continent are of course renuired to account for the waves of 
translation and powerful currents required for such a purpose ; for no gradual 
swellings of the land, such as those which are now going on in parts of that country, 
could possibly have produced such results. These can, indeed, alone have been 
accomplished by successive sudden upcasts, which threw ofi" great devastating and 
erosive waves, and determined the currents in an uniform direction. But looking 
to the low altitude of Sweden, the vast erosion of its surface and the piles of loose 
materials by which it is encumbered, we can scarcely refrain from believing, that a 
great corresponding depression also took place, by which the regions of Russia in 
Europe, Poland and Germany, over which we have traced the northern drift, were 
so lowered as to cause long-continued currents to set in to the south from the 
Scandinavian chain. Such conditions, then, and those we have befora suggested, 
may, we think, explain the boulder ridges, the wearing away and striation of the 
northern sides of the rocks in question and the passage of the rounded blocks, 
even though they occupy flat regions. 

In Sweden, however, it is essential to draw the distinction (as Sefstrdm and Ber- 
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zelius have done) between the osars, or coarse drift of rounded blocks, gravel, and 
the great snbangular blocks which cover them. Now in examining the tracts round 
Upsala, we had no difficulty in fully admitting a fact, first pointed out by Mr. Lyell, 
that blue marine clay abounding with shells (including the Tellina Baltica) is di- 
stinctly overlaid by osars, which are there chiefly composed of sand and gravel ; 
thus pibving satisfactorily that these masses were of aqueous origin. On this point 
we entirely agree with Mr. Lyell, though we differ from him as to the intensity of 
the agency employed in forming these osars ; which must, we believe, have been 
infinitely greater than that which could have ever have resulted from rivers, in a 
fiat country like this, pouring their contents into estuaries and bays. 

In looking to the three osars, which extend in succession from north and by west 
to south and by east, between Old and New Upsala, we may now add, that we 
perceived what we consider to be striking evidences of the manner in which the 

4 

subangular blocks upon their surface were accumulated. The most northern of 
these, called Tun-os^ the summit of which is about 100 feet above the adjoin- 
ing flat country, is composed of sands, clays and gravel, and is about half a mile 
long. On its northern face this os is distinguished by several ledges of coarse 
shingle, which rise up over each other in converging terraces, which gradually 
diminish in area as you proceed southwards to the summit of the hill. No very 
large blocks are associated with these shingle ridges until you reach the upper- 
most or smallest ellipse, whence a shower, as it were, of 'large angular and half- 
rounded blocks slope down the southern talus of the os. Seeing that blocks of the 
same aspect (granite, gneiss, greenstone, &c.) were similarly lodged on the summit 
and sputhern slopes of the next lower os, as well as on the third, or Stor-stens-kulle 
(where one of the blocks, still quite angular, is twenty feet high and upwards of 
seventy feet round its base), we naturally concluded, that these great angular frag- 
ments were dropped upon these promontories by floating icebergs. The terrace- 
within-terrace shingle on the north face of the chief os strongly corroborated this 
view ; for supposing an iceberg floating from the north, to have been arrested by im- 
pinging against this hill of gravel and sand whilst a strong current was flowing from 
that point,, the first summer’s sun would naturally diminish its volume, whilst the 
force of the current would move the icy mass onwards. By the union of these causes 
the shrinkage and advance of the iceberg would proceed each season, and thus, 
hy the steady action of a northern current, the ledges of shingle having been 
washed up round the northern base of the iceberg, would be left as memorials of 
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each successive reduction of that body. At length, when reduced to the minimutn 
size at which it could be held together, it would, in dissolving, necessarily shid its 
load upon the sloping talus of the os, the blocks being assisted by the same cur- 
rent in their southward progress down the slope of the submarine hill. This case 
appears to us to be so illustrative and confirmatory of our views, that we annex 
two small diagrams giving a plan of the ground and a profile view of the sihne. 



a. Ancient submarine hill composed of sea sand and clay, with Tellina Baltictiy and now forming the land called Tun-os. 

b. Iceberg in its largest state when arrested by the submarine hill. • 

cccc a. Terraces of gravel formed successively as the icelierg was forced southwards. 

d. Iceberg in its lost state, when diminished and advanced to the south, exposing blocks and gnravel within it. 
ft Talus covered by blocks derived from the melted iceberg. ^ dircctioiTof the current. 


69 . 



In this enlarged plan, the converging terraces (c c) of the section are represented to the left, the line of 
blocks (/) to the right. 

These phsenomena at Old Upsala seem to us fully to indicate the difference be- 
tween the sub-aqueous and highly-rolled, tumultuous drift, which like the “ till ” 
of Scotland, resulted from some of the earlier oscillations in these latitudes, and 
the operation of the currents upon icebergs which were stranded and dissolved ; 
for had the same power of water been there in play, as that which formed the 
Bronkeberg Os near Stockholm and many others like it in Sweden, the blocks iif 
question, although they, for the most part, lie to the lee, or sheltered side of the 
hills, would have been rounded and polished, whereas nearly all of them (and the 
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great block of Stor-stens-kulle stands out upon the very summit of a hill) have their 
anglls as fresh, as if never affected by other than ordinary atmospheric agency. 

The prevalence of the rounded or worn blocks in the mass of detritus or osar 
trainees, whilst the angular blocks are chiefly on their surface, are features well- 
explained, if we suppose that the more violent current by which the one class of 
bouldel’S was hurled on, was succeeded by other south-flowing streams, in which 
ice-floes were transported. 

Whilst we have stated that the normal and general direction of the striae in 
Sweden is either from north to south, or from north-north-west to south-south- 
east, we know that there are many exceptions. Such, for example, are certain marks 
near Gottenburg and Uddevalla observed by M. Forchhammer, which proceed from 
east to west. There again, we should say, that such striae are merely in the direc- 
tion which certain local masses of drift have taken, and which have been carried 
from the east into the fiords, or mouths of lateral valleys, on the west. And here 
it must be recollected, that numerous inlets around these estuaries, such as Udde- 
valla and Gottenburg, and that above Christiania, before adverted to (p. 329), indi- 
cate by the presence of marine shells, often at considerable heights, that the sea 
occupied these lands tilka very recent period. 

But such aberrations from the normal direction perfectly concur with the excen- 
tric shedding off of the debris indicated in Lapland by M. Bohtlinghk. For, as we 
have before shown, this great drift is northern in reference' to Russia and Germany 
only. To the Icy Sea it is a southern', to the Yorkshire coast an eastern, and to 
the Timan ridge a western drift. Northern Scandinavia was, therefore, a vast, 
crystalline nucleus, which owing, as we believe, to its sudden elevations, accompa- 
nied by great environing depressions, poured off its detritus at one time vehemently, 
at another more tranquilly, and thus accomplished those residual phaenomena which 
it has been so difficult to explain. We are further induced to suppose, that the 
highest portions of this chain, extending from the Dovre-feld in Norway to the axis 
of Russian Lapland, constituted a region of glaciers which, broken up by some of 
the oscillations alluded to, sent forth numerous icebergs, which were often floated 
away to gseat distances before they melted, and deposited the erratic blocks de- 
scribed in the preceding chapter. 

* M. Slljestrom has already shown, that the translation of the detritus from the Seneehatten and highest 
^ints of the Norwegian axis has taken place from south to north and from south-south-east to north- 
north- west, thus completing the proofs of an excentric Scandinavian movement. (See the arrows upon 
the Map, PI. VI., and the Postscript to this Chapter.) 
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If for a moment we turn our attention to the British Isles, analogous phseno- 
mena are found all around their shores : sea-beaches and bottoms fringe the focks 
at various altitudes : coarse and thick heaps of detritus encumber the slopes of the 
hills ; and in numerous situations, whether on inland mountains or low rocks upon 
the level of the sea, as well as far removed from any great elevations, striated, 
worn and polished surfaces are frequent. * 

To begin with one example out of many of the latter class — one to which no 
geologist has yet adverted, — we are acquainted with no finer case of striation and 
polish of the solid rocks than at the bay of Derrynane in the south of Ireland. 
There, the mass of detritus has naturally found its exit to the western sea, by an 
east and west depression, the low, undulating hummocks of hard and highly- 
contorted, slaty rocks (Devonian) having been worn down, highly polished and 
scratched in the direction of the major axis of the valley. The sides of this valley, 
opening to a fine marine bay, are formed of picturesque rocks, which by their 
outline necessarily confined the drift in a direction from east to west. Again, on 
the south side of Macgillicuddy’s Reeks, the chief central mountain in the south 
of Ireland, great piles of drift are lodged at intervals in a deep gorge which leads 
eastwards from the gap of Dunlooe to the upper lakes of Killarney : and alongside^ 
as it were, of such masses of detritus, the rocky cliffs are polished, gtuoved and 
striated, both on their upper surfaces and on their steep sides. In this way we 
may also infer, how the loose materials have been shed off excentrically from ele- 
vated centres, and spread out in the “ escars” of the lower Irish tracts. 

In the south of Scotland, as in the Highlands, great terraces or linear ridges of 
coarse gravel and rounded blocks have been deposited on the slopes of th^ hills 
and in ancient bays or estuaries. Sir James Hall* was the first geologist who 
applied the diluvial views of De Saussure and Pallas to explain the striation of the 
Scottish rocks, and lookiug to the direction of such marks on the sides of the hills 
near Edinburgh, and connecting them with the form of the rock ridges, the “ crag 
and tail ” of Scottish observers, that philosopher naturally concluded, that the same 
great aqueous debacle which had poured off the detritus into the low grounds 
had scored and grooved the rocks over which it had passed. One of the most 

* See Transactions of the Royal Society of Edinburgh, vol. vii., in which, pp. 169 et seq., the reader 
will find how, in the year 1812, Sir James Hall applied and modified the action of the great supposed 
diluvian wave. We specially commend to the attention of the reader the excellent observations of Mr# 
Chules Madaren in his work, ‘ Geology of Fife and the Lothians,’ on the groovings and dressings on the 
surface of rocks, p. 214. Edinburgh, 1839. 
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remarkable examples in that country .with which we are personally acquainted, 
is, Inhere the hard siliceous sandstone of Braambury, near Brora*, has been cut 
into by fine markings, irregularly parallel, which are visible on the south-western 
face of that hill, wherever the turf and earth is removed from the subjacent rock. 
In that case, as near Edinburgh, hills of moderate height only are to be seen in 
the direction whence the chief local current has proceeded ; and a deep gorge 
leading up to Loch Brora indicates the channel by which the drift was poured otT 
against Braamhuiy hill, prior to its distribution or submergence along the shore. 
In a word, all the great banks of drift and sand which diversify the tracts on the 
south side of ‘the Moray Firth are but “ osars,” which proceed from the ends of 
the promontories of the central Scottish mountains, whilst on their opposite or 
western side, the shores and estuaries of various lochs on the coast between the 
mainland and the Hebrides exhibit similar masses of detritus. Whenever they 
can be detected, and we have seen them even on the flanks of Schehallion, towards 
the centre of the Scottish chain, the striae are invariably in the same direction as 
that which the main mass of adjacent gravel and detritus (however transported) 
has taken in its passage over the land. In the case of Schehallion, the loose matter 
has been formed in the tidjacent valley of Kenmore into terraces, which are finely 
displayed in the beautiful park of the Marquis of Breadalbane. 

According to Dr. Buckland, who has sought to apply the views of Professor 
Agassiz to various parts of the British Isles, these terraces'are but the evidences of 
ancient moraines, the remains of former glaciers, which passing from the shoulders 
of Schehallion and the adjacent hills, found their resting-place in the valley of Ken- 
more^ Arguing that nothing but a glacier can have produced the parallel grooves, 
striae and “ roches moutonnees,” Dr. Buckland has further been induced to carry 
out the application of the same views to other hills in Scotland, to certain centres 
of Cumberland, and to the slopes around the Welsh group of Snowdon. In stating 
our objections to the views of that eminent geologist, let us take the case of Snow- 
don . Whether we examine its northern, north-eastern or western flanks, many 
such boulders occur, at intervals, as must, we contend, have been accumulated 
under water. Around more than one-half of the periphery of the mountain, the 
highest point of which is only 3571 feet above the sea, there can, indeed, be no 
ambiguity ; for sea shells of existing or pleistocene species are commingled with 
*the detritus upon its flanks, and we can perceive no distinction between such de- 

■ Geol. Trans.. 2nd Series, vol. ii. p. 357. « See Obs. end of Chap., p. 556. 
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posits, whether on the summit of Moel Tryfane at heights of 1 700 feet above the 
sea, or in the lower country of Shropshire at heights of 300 and 400 feet. !h all 
other cases around Snowdon as well as on Schehallion, therefore, we, for our parts, 
can see nothing more than may be completely explained by the transmission of 
massive bodies of detritus, which derived from the higher parts of those mountains 
at the periods of their elevation, would necessarily, we contend, have produced 
exactly the same appearances as if a heavy incumbent glacier had traversed them'. 
The coarse drift of the British geologist, or the osar of the Swede, are no imaginary 
creations. They are enormous banks and ridges of stones whicli have usually 
undergone great friction, are associated with clays and sands, sonletimes finely 
disposed, at other times tumultuously arranged, as if by water, and among them, 
whether in Sweden, Denmark, England, Scotland or Ireland, are occasionally found 
sea shells. Why then are glaciers, although doubtless they are and have been 
“ verse causae” of striation, in countries where very high mountains are in evidence, 
— ^why, we ask, are they to be forced upon us as the sole means of solving this 
problem, in regions where no such features exist ? and why in such low situations 
are we not to infer, that the drift has done the same work as the glacier has per- 
formed in the lofty Alps ? • 

But some of the very marine shells on which we have been insisting as proofs of 
the aqueous formation of this boulder drift, are raid to be Arctic species, and have 
therefore been quoted &s indicating the prevalence of a colder climate in our lati- 
tudes in those days than at present*. Hence glaciers, it is supposed, may have been 
adjacent to such arctic animals. But what are the species of shells associated with 
the great boulder drift in Denmark ? why in many tracts the very same whiejj now 

* This explanation applies equally to Killamcy and all the other cases cited. 

* We were, at one time, disposed to think, that the presence of sub-fossil shells of Arctic character 

naturally indicated the former presence of a much colder climate in those latitudes where they have been 
found (see Proceedings of Geol. Soc., vol. iii. p. G 80 ). But independent of discoveries in submarine 
life, we now hold that it is unnecessary to have recourse to such an argument, in relation to any phae- 
nomena in the British Isles or similar latitudes ; for we can easily imagine, that when very different 
physical features prevailed, and when lands now above the sea were beneath it, cold currents may have 
extended very far southwards of the arctic circle, and have been inhabited by species now restricted 
(through geographical changes) to a less horizontal range. Again, wc then believed, that no great erratic 
blocks had ever been seen in equatorial or intertropical tracts, but we learn from the last researches of Sir 
Robert Schomburgk in British Guiana, that enormous boulders of far- transported crystalline rocks are 
there found on the surface of the sedimentary deposits of the plains and slopes, — a region in which n(f 
ice or glaciers can ever have existed (see memoir read before the Royal Geographical Society of London, 
which will appear in the 15 th volume of the Journal of that body). • 
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live in the adjacent seas. And though several of the latter are Arctic species, no 
glacters occur within several hundred miles of the seas in which they live. Again, 
the researches of Prof. E. Forbes in the JBgean, and of Prof. Loven in the North Sea 
have taught us, that the more or less Arctic character of shells essentially depends 
upon the depth of the submarine zone at which the animals lived. Who then will 
assert, 4n opposition to such facts and the opinion of such authorities, that many 
of the so-called raised beaches in Sweden, Norway and England, are not, in truth, 
sea-bottoms, which, under whatever difference of latitude they may have been accu- 
mulated, necessarilybear more or less an Arctic character ? Suppose, for example, a 
mutation in the present configuration of the Mediterranean, not so great as many 
which have affected our continents, and that its deepest soundings were raised up 
into hills, leaving hanks of shells which, from the depths at which they lived, would 
necessarily have an Arctic character ; and further imagine that this raised sea-bot- 
tom was absolutely contiguous to certain rocks of Greece*, which have lately been 
described as having the same polish and striae as our northern examples, might it 
not be argued, that because certain shells were present, glaciers and an Arctic cli- 
mate once prevailed there ? Wild as such reasoning would now appear, it might 
really have been main tauned, had not the discoveries of Professor E. Forbes thrown 
a new light upon the subject and entirely prevented its application. At present, 
therefore, we presume that no one, on account of the parallel striation and polish 
of her crystalline limestone, is prepared to allow that the flanks of Parnassus have 
been subjected to the action of glaciers. Even there, indeed, we have the sub- 
stitute for the glacier and its reliquiae in mounds of gravel, debris and boulders 
(resembling in form both longitudinal and transverse moraines), which have been 
shed off from the mountain side. 

The abettors of the general application of the glacier theory to every region 
where the “ roches moutonn^es” of De Saussure, or striae similar to those of the 
Alps, are visible, failing necessarily in their efforts to show how these phaenomena 
can have been produced by ice, in countries where the first elements in that theory 
are wanting, must, we contend, limit their inductions to centres of great eleva- 
tion, and cpnsequently of great cold. To support this view we need not travel to 
exceptional cases in Greece : even the flat regions of Belgium and northern France 

frequently expose polished and striated surfaces of the palaeozoic limestones, where 
<• 

- See Mr. Trevelyan’s account of the scratched and polished surfaces of Mount Parnassus in Greece. 
Proc. Geol. Soc. of London, vol. iv, p. 203. 
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Buperjacent masses of drift have been removed from them. Such we have our- 
selves remarked on the surface of the low hills of carboniferous limestone dh the 
right bank of the Rhine near Dhsseldorf, where, when the superincumbent gravel 
is cleared away, the edges of the highly inclined beds are seen to have been trun- 
cated and smoothed down, as if they had been subjected to the passage of a heavy 
incumbent mass, the sand at the base of which had served as a polishing powder. 
These facts are, we repeat, nothing more than what have been detected under 
similar conditions of overlying drift throughout large, low portions of the British 
Isles ; and to bring back their application to our own immediate subject, all these 
detrital heaps are simply the equivalents of the “Osars” in Sweden, the great 
block clay and sand of Denmark, and the piles of stones, sand, clay and gravel 
which are spread out in such enormous masses over the low countries of Russia, 
Poland and Germany. A vast portion — by far the greater part — of this drift has 
therefore, we think, been transported by aqueous action, consequent, on powerful 
waves of translation and currents occasioned by relative and often paroxysmal 
changes of the level of sea and land. Now that we are sustained by the reasoning 
of mathematicians, who show us, that with sudden vertical elevations, each not 
exceeding fifty feet in the case of an ocean of 300 or 4004eet in depth' (and might 
not corresponding depressions produce the same ?), bodies of water have the power 
of hurling on enormous blocks, sand and gravel to vast distances and over con- 
siderable inequalities, Ve are relieved from one of the great difficulties opposed to 
the rational explanation of the position of a very large proportion of this drifted 
matter. Whatever may have been the period of their action, such aqueous deba- 
cles have probably formed many of the conglomerates of previous ages, agd with 
the help of ice floes, much of that foreign drift, of which we have already treated. 

Seeing that there are no mountains whatever from which a glacier can ever have 
been propelled in southern Sweden, Finland, or north-eastern Russia, and yet that 
these regions are powerfully abraded, scored and polished, we have naturally come 
to the conclusion, that effects so extensively developed over such flat countries, 
must have resulted from the enormous masses of debris and rolled stones, which, 
always found in adjacent positions, have invariably taken the same direction as the 

i 

* For a mathematical application of the powers of the waves of translation, described by Mr. Scott 
Russell (Trans, of the Brit. Assoc, for the Advancement of Science for 1844), to geological dynamics, 
the very able memoir of Mr. Hopkins “ On the elevation and denudation of the lake district of Cumber- 
land and Westmoreland" (Proc. Geol. Soc. Lond., vol. iii. p. 763). 
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grooves and stria on the polished rocks. These vast mounds of drift (derived from 
the breaking up of the rocks) are our lithological .substitutes for glaciers, and 
whether their weight, the nature of their materials, or the plasticity of their mass 
(when in a moist state) be considered, no one can deny that they may have pro- 
duced effects precisely similar to those of the true glacial “ moraine.” 

But whilst we reject the application of the terrestrial glacier theory to Sweden, 
Finland, north-eastern Russia and the whole of northern Germany, — ^in short, to 
all the low countries of Europe, — we believe, as before stated, that in the axis of 
northern ScancTinavia and Lapland (the highest point of which is upwards of 8000 
feet above the -sea) arctic glaciers did formerly exist. These glaciers, probably more 
extensive than those which there now prevail, formed, we may imagine, the shores 
of the sea that then covered all the low lands of Sweden, Finland and Russia, and 
bathed the edges of such glaciers, just as those of the icy sea now advance to the 
ice-bouncl cliffs of Spitzbergen. The icebergs floating therefrom explain the far 
transport of the large and often subangular blocks, which chiefly occupy the 
surface of these drifted accumulations, and have often been carried to enormous 
distances from their native beds without losing their original outline ; a condition 
perfectly irreconcileable to their transport by w'ater, even were currents capable 
of hurling ^uch huge fragments for hundreds of miles up inclined planes and over 
hills and valleys. 

In bidding adieu to this subject, we are, therefore, far frtm denying to glaciers 
that which we consider their legitimate agency ; nay, we require the aid of icy 
masses, detached from them into open seas, to account for certain superficial phae- 
nomena, which without them would, we apprehend, remain perfectly inexplicable 
by any natural operation ; but we confidently maintain, that aqueous detrital con- 
ditions will best account for the great diffusion of drift over the surface of the 
globe, and at the same time explain the very general striation and abrasion of the 
rocks, at low as weH as high levels, in numerous parallels of latitude. 

In conclusion, we would remind our readers, that exempted as she has been (in 
all her higher lands at least) from any submarine influences, Siberia is entirely free 
from erratic blocks, though environed on three sides by high mountains. From 
this great negative fact, combined with all the positive evidence adduced in this 
chapter, we infer, that without having been beneath the sea, no country can have 
hud its surface strewed over with foreign drift or boulders, like European Russia. 
All lauds, therefore, in the northern hemisphere which are as void of such drifit as 
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large portions of Siberia on the one hand, and Siluria on the other, may have been, 
like them, for ages the habitation of the great extinct quadrupeds. Such coufltries 
must, in all probability, have been as long above the sea as the low and drift- 
covered tracts of Europe were beneath it. 


P.S. — The aHusion to Professor Forchhammer in the text (p. 541) does not do justice to his opinion^ or suffi- 
ciently distinguish them from those of M. Sefstrdm. In a letter to Mr. Murchison, the former thus states his objections 
to the views of the latter : — " When Sefstrdm first started his theory, the highest points tliat had been observed to 
be scratched were about 900 feet above the level of the sea, and the lowest a little below that level ; thus rooking about 
1000 feet of difference between the highest and lowest markings. That difference has now *au^ented by additional 
observations to more than 4000 feet. Hence Sefstrdm is obliged to imagine the motion of his flood to have been very 
quick, or otherwise the boulders could not have been suspcmded in the muddy mass. I had sufficient difficulty to 
imagine a stream 1000 feet deep ; but a current of 4000. moving with such a velocity that the boulders could not 
subside* is utterly beyond my power of conception. Again, when Sefstriim first brought forth his views, all the 
worn sides which had been observed faced the north, and the sujiposition of a violent current from the Polar 
regions had some probability in it. But Bdhtlingk having shown, that such worn sides in the northernmost part 
of Scandinavia face to the south, whilst Siljestrdm has observed the same phajnumenon to the north of theDovref- 
jeld, we must now look for the origin of the current in the range of high lands or axis of the peninsula*. Now, 
whatever masses of ice (glaciers) imagination may heap up on the top and flanks of Dovre and its prolongation, 
they certainly would not be sufficient on melting to move such a stream, h urthcr, the distance from that chain to 
the south of Sweden (about 7° of latitude, the height of Sneehiitten, the loftiest mountain, being upwards of 8(X)0 
feet) affords a mean declivity that seems to be quite inadequate to give velocity to a current such as is required to 
move boulders. Sefstrdm must also have supposed, that the numerous striated rcfbks which have a worn or weather 
side, and a lee or protected side, must originally have had the form of fig. a (see diagram overleaf^ which by the 
action of the flood was changed to fig. h ; the part under the dotted line being washed away, which, considering 
the hardness of the Scandinavian granite, is an enormous demand. Re.side8, the first form seldom or ever occurs 
in (Scandinavian ?) rocks. Theii* original outline is most frequently a flattened ellipse, as represented in fig. c ; 
and their present shape (fig. d) would best be explained by the action of water on their steep or lee side, which, 
assisted by degradation arising from the Jointed structure of the rocks, has removed the portion under the dotted 
line." 



* These decisive observations of M. Bdhtlingk and M. Siljestrbm respecting the form of the skars and the course 
which the detritus has absolutely taken to the north as well as to the south, are subversive of the theory of M. Du- 
rocher, expressed in a memoir before alluded to, that the drift passed over Scandinavia from the Polar regions. We 
must not omit to state, that as early as the year 1R2S (Ann. des Sci. Nat. vol. xiv. p. (>), our distinguished friend, 
M. Brongniart, when travelling with Baron Berzelius, observed the chief pha;nomenon of the stria; on the rocks 
proceeding from north-east to south-west, and the parallelism of the Osars to that direction. To do justice, 
however, to all the authors who have written on this subject, we must refer our readers to a lucid suitimary of their 
works by Baron Berzelius, " Jahres Bericht ueber die Fortschritte der Phys. Wiss." 1844, p. 386. Tliey will 
there find, that although Swedenborg, as far back as 1719, made some -observations, Lasteyrie (Travels in Sweden 
and Norway, 1799 and 1800) gave the earliest clear ideas of the weather and lee side of the rocks. Sefstrdm first^ 
published in 1836. Nordenskiold has in the last year added some data from Russian Lapland to those col- 
lected by Bdhtlingk, whose observations respecting the excentric shedding off of the blocks he has completely con- 
firmed. * 
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To those who have read our descriptions and reasoning in this and the preceding chapter, it is needless to say^ 
that t^e hypothesis of the melting of snows in the high lands of Scandinavia, as applied to the rejection of Sef* 
Strom's theory, is a terrestrial agent, which can have no sort of application to the subaqueous conditions whereon 
we have insisted. We have expressed our belief, that the boulder drift resulted from sudden elevations (perhaps 
many) of the axis of Scandinavia, accompanied by environing lateral depressions of great depth ; — such, for example, 
as placed all northern Grennany and the Valdai Hills far beneath the surface of the waters ; — whilst the waves of 
transport generated by each great oscillation, hurled on separate masses of subjacent drift in excentric or radiating 
direction! from the main ridge or chief nucleus of disturbance. Touching the remarks of Professor Forchhammer on 
the form of the Swedish rocks, we cannot see how the rugged and vertical sides (fig. d) should have been produced 
by the action of the sea, since he admits, in another part of his letter, that the materials of the osars are certainly the 
agents which scratched the surface.” Now, the striated sides are those which have been opposed to the line of drift, 
which has invariablj^ polished and worn them, whilst the opposite or ru^ed sides never exhibit any appearances of 
marine or detrital action. Nor can we admit that the rocky " skars” so affected, have invariably the same mathe- 
matical form ; for, according to our observation in Sweden, the curve of their surface on the worn side is various, 
whilst the rugged face is sometimes a very sloping natural broken talus, as in the drawing below, at other times a 
vertical cliff, as he has drawn it above, particularly in certain islets near Gottenburg, which are now washed by 
the sea. We still, therefore, retain our opinions as expressed in the text, that the abrasion and striation of the 
surface were caused by the passage of masses of dr\ft, moved in excentric directions toith reference to the whole area 
affected, 'fhus we explain any local deviations from what may be considered the normal or grand lines of drift, 
and even (as must be the case whenever powerful currents have been set in motion by various oscillations of the 
land) how several systems of* striae may occasionally be found to cross each other, as has, indeed, been found to be 
the case at Alten by Siljestrom and at Faxoe by Forchhammer (see Vetens. Handling., Stockholm, 1843, and 
Proc. Roy. Soc. of Copenhagen, 1843). 

By another letter received from Professor Forchhammer, since our preceding sheets were printed, we find that we 
had misinterpreted one of his vi^ws (p. 542), and that, like ourselves, when accounting for the production of the 
northern detritus, he believes that periods of violent upheaval and depression have alternated with tranquil epochs 
(see his memoir, Poggendorf’s Ann., 1843). He has further communicated to us some curious facts illustrating the 
present action of icebergs and the transport of blocks, which will be cited in the Appendix. In the meantime we 
may say that our theory differs from his and that of any author who has written upon Scandinavia, in referring 
such phenomena to waves of translation, on whose powers of transporting subjacent heavy masses of loose materials 
we base our chief conclusions respecting the rounded Scandinavian drift, the wearing away and striation of the 
rocks ; whilst the large subangular erratics were, we think, carried by floating icebergs, which in grating along 
the sea-bottom, may have also scratched the rocky surface. 

• 71 . 

NORTH. — ^ SOUTH . 


L . 

Worn fide* 



A Sk6r. Lee side. An Os. 


Obi, — Whilst these pages are passing through the press, a memoir has been read by Mr. A. F. Macintosh (before 
the Geol. Soc. of London), ” On the supposed evidence of glaciers in North Wales,” in which he combats the 
hypothesis of Dr. Buckland (see p. 550), and showing, like ourselves, that the detritus had been accumulated under 
water, endeavours to prove (extending an idea of Mr. Bowman), that nearly all these groovings and strise around 
Snowdon, wMch had been referred to the action of glaciers, are due to lines of structure in the rocks and atmo- 
spheric agency. We may again allude to this point in the Appendix, liow simply stating that the greater number of 
the deviously parallel scratches on the worn surface of the hard crystalline rocks of the north, are, in our opinion, 
clearly mechanical, and cannot be connected with structural conditions. 



CHAPTER XXII. 

• • 

The Black Earth or Tchornozem of Central and Southern Russia shown to be a Sw6- 
aqueous Formation. — Modern Terrestrial Changes. — Peculiar state of the surface of 
Russia during the Spring Debacles. — Action on Ice of Rivers and Lakes in throwing 
up Ridges of Stone. — Great Annual Denudation of the Subsoil. — Enormous Deltas 
and new-formed Lands. — Changes operated by Man^ compared with Geological 
Pheenomena. — Resumtf of the chief Objects attained in this Work, and Conclusion. 

N OTWITHSTANDING the long descriptions already given of the subaqueous 
accumulations which encumber the surface of Russia in Europe, we have still to 
speak of a widely-spread superficial deposit, which must be referred to a similar ^ 
origin. This is the “ Tchornozem” or black earth, which, for the extent of its uni- 
formity in colour and composition, is without parallel in Europe. Having had the 
opportunity of tracing the relations of this peculia* earth over wider tracts than 
most modern observers, we have thrown together a few remarks which may serve 
to explain the range and extent of the deposit, its relations to the physical features 
of the land, its chemical composition, and the theory of its origin. , 

The “ tchornozem ” has its northernmost limit defined by a waving line, which, 
passing from near Kief and Tchernigof, a little to the south of Ldchvin, appears in 
the 54° of north latitude in that tract, then advances in its course eastward to the 
57°, and occupies the left bank of the Volga west of Tcheboksar, between Nijny 
Novogorod and Kazan. In approaching the Ural chain, we saw no black earth to 
the north of Kazan, but it was plentiful on the Kama and around Ufa. Again, on 
the Asiatic or Siberian side of the Ural mountains, we travelled through rfine large 
mass of it near Kamensk, south of the Issetz river in latitude 56° north, and, as 
before observed, through another, between Miask and Troitsk. Of its limits in 
the great Siberian plains we cannot speak from personal observation, but we were 
given to understand, that it spreads over considerable spaces in the eastern. 
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central and southern parts of that region. Although we met with it occasionally 
in {he low gorges of the chain, and in the Bashkir country on both flanks of the 
southern Ural (in plateaux more than 1000 feet above the sea), and also in the 
steppes of the Kirghis, we did not see it in the plains near Orenburg, nor to the 
south of that city. We know, indeed, that it does not exist in the flat southern 
steppes extending to beyond Illetzkaya Zastchita and between that place and the 
mouth of the Volga ; for there the surface is strewed with fine submarine detritus 
containing numerous shells of the same species as those which now inhabit the 
adjacent Caspian. In short, we apprehend, that the true black earth occupies 
small tracts* only of the area once overspread by the great Caspian of former 
epochs (see p. 299). Nor did we meet with any black earth to the south of 
Tzaritzin on the Volga, in the steppes of the Kalmucks between that place and 
the mouth of the Don ; nor indeed, except in very limited patches, along the Sea 
of Azof, or in other words, on the southern face of that elevation between the 
Dnieper and the Don, which constitutes what is commonly called the granitic 
steppe. It occurs, however, in great thickness on the plateaux on the northern 
side of that axis, where, as it really surmounts the carboniferous limestone with 
many seams of coal, a^eologist who had not observed it in other places might, at 
first sight, be led to suppose, that the black matter was due to the decomposition 
of the subjacent carbonaceous strata*. It lies, however, upon rocks of all ages, 
and the greatest masses are included in the territoridfe thus roughly defined. 
Geologically considered, therefore, the tchornozem occupies the centre of a trough, 
large as an European empire, having the detritus of the crystalline and older rocks 
for its northern, and the low granitic steppes and Caspian deposits for its southern 
limits. 

It is found at all levels in European Russia, sometimes on plateaux, as on the 
right bank of the Volga, high above the adjacent plains, in various parallels, from 
56^° north latitude to the high grounds extending to Saratof, and at heights of not 
less than 400 feet above the valleys ; in other places on undulations, and often in 
broad valleys, where the rivers, having cut through the deposit, expose its thick- 
ness on their banks. In the country where the southern limits of the northern sub- 
aqueous drift are traceable, it is interesting to observe, that the noi thern materials, 
reduced to small size and mixed with local debris, are succeeded if not overlapped 
by the black earth. In one spot, however, near Voroneje, we observed northern 
^ For description of these coal-fields see p. 92 et seq,, and PI. I. 
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erratics superimposed on the black earth, a fact which agrees with our views of the 
subaqueous origin of both. • 

The black soil does not, however, occupy all the vast country alluded to. It 
occurs, indeed, in separate areas, sometimes covering several large districts, and 
varies from a few feet to 1 5 or 20 feet in thickness. In travelling over these black 
tracts in a dry summer, we were often, during a whole day, more or less surrOunded 
by a cloud of black dust, arising from the dried-up tchornozem, which is of so 
subtile a nature as to rise up through the sod, in rich grass countries, under the 
stamp of the horse’s feet, and forms so dense a cloud, that the traveller is often 
begrimed like a working collier. 

The tchornozem is unquestionably the finest soil in Russia, whether for the 
production of wheat or grass. It is so fertile as arable land, that the farmers never 
apply manure ; and after taking many crops in succession, leave it fallow for a 
year or two, and then resume their scourging treatment*. , 

On fracturing a hardened lump of this earth which we extracted from beneath 
10 to 12 feet of similar earth, all jet-black when moist, and which we had kneaded 
together to bring away, it offered in its dry state a slightly ferruginous brown tint ; 
and we further perceived, that besides the black matrix, grains of lighter-coloured 
sand were interspersed. Having submitted a portion of the mass to Mr. R. Phil- 
lips, he has obligingly furnished us with this analysis : — 


Silica C9’8 

Alumina 13*5 

Lime 1*6 

Oxide of iron 7 

Organic matter 6 '4 

Traces of humic acid, sulphuric acid, chlorine, &c. . 1*7 

100 


Dr. Daubeny, who has also interested himself in the examination of this black 
earth, and has detected about the same proportion of organic matter as that noticed 
by Mr. Phillips, thus expresses himself: — “The possession of a deep soil, easily- 
penetrated by the roots of plants, and containing so large a per-centagc of mild 
humus, would alone impart great fertility.” 


' On head we can now say no more, and must refer our readers to vol.iii. p. 1. of the Trans- 
actions of the Royal Agricultural Society of England, where we have enlarged upon the productive quali- 
ties of this soil. 


•4 c 2 
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The French agricultural chemist, M. Payen, who analysed a portion of the 
black earth at our request, says : — “ The composition of this earth is remarkable 
for the proportion of azotized matter which it contains. The connexion between this 
earth and the organic substance, when the latter is so rich in nitrogen, appears 
to me to be essentially one of the surest indications of the fertility of soil, other 
conditions of chemical properties and mineral composition being favourable. In 
this respect, and according to my compared analyses, the earth in question ap* 
proaches very near to two of the most fertile soils of France, that of the Limagne 
d'Auvergne (valley of the Upper Loire) and that of the neighbourhood of St. Denis, 
near Paris, notably in the farms of Marville and Stains.” 

The analyses of these able chemists afford us nearly the same results as to the 
proportions of the earthy constituents, whilst we learn from M. Payen', that the 
unusually large quantity of nitrogen in the carbonaceous portion of the black 
earth may Jbe the principal cause of its fertility. It would seem, however, that 
without a close attention also to the mechanical aggregation as well as the compo- 
sition of soils, it must be very difficult to estimate their fertilizing powers. Thus 
some of the poorest lands, as dissimilar in colour as in produce from the tchor- 
nozem, have almost to minute quantities, the same proportions of sand, clay, iron 
and vegetable matter. It is therefore, we believe, the extremely fine levigation of 
the silica, enabling that substance so to combine with the alumina as to form a 


> We here subjoin one of the original documents of M. Payen, with the substantial results of the ana- 
lysis of a specimen of tchomozem sent to him by Colonel de Gourieff. 


^ Analyse, 

100 terre = 6*95 mat. organique combustible, 93*05 cendres 


Solubles dans I'ac. chlorhyd. bouillant = 13*79 


Insolubles dans Tac. chlorhyd. bouillant ^ 79*30 


• « • • • 


6*95 

r Alumine 

s=; 

5*04 

I Ox. de fer . 

= 

5*62 

< Chaux • . 

= 

0*82 

j Ma^^sie . 


0*98 

(^Chls. alcals. • 

= 

1*21 

rSilice . . . 

= 

71*56 

J Alumine • . 

= 

6*36 

1 Chaux (traces). 


^Magn^sie • 

= 

0*24 


98*78 

Azote pour 1000 :-^emati^normale= 1*66 ; dematidres^chesl*74; demati^re organique =24*99. 
The analysis of M. Payen indicates the presence in 100 parts of the original earth of 

Combustible organic matter 6*95, containing 2*45 nitrogen ! 

or in other words, 4*140 grammes of the earth yield 9*498 cubic centimetres of nitrogen or azotic gas. 
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peculiar, loamy permeable clay, which, with the aid of its combined nitrogen, 
rendeiB this soil so eminently productive. • 

When we speculate on the probable origin of the tchornozem, the first im- 
pression might be (what is indeed the prevalent opinion in Russia), — ^that it is the 
humus arising from decayed forests or vegetables during the present period. But 
we entirely dissent from this opinion ; judging from the uniform nature of the soil, 
its distribution at all levels, and also that in no part of the empire does it ever 
contain a trace of trees, roots, or vegetable fibre. It is in vain to say, that such 
terrestrial vegetables may have been entirely decomposed ; for in the denuda- 
tions which expose 15 to 20 feet of thil matter, some remains of the plants would 
surely be found in the lowest parts of the solid earth, just as we find roots and 
branches of oak, pine, birch, and hazel in our peat bogs. We would also add, 
that if the black earth had been produced by the decay of trees, traces of it 
would certainly be found in northern Russia, where forests have so Iqng existed. 
But in no part of northern Russia (large portions of which have been cleared and 
converted into arable land) is there a vestige of black earth, whilst it specially 
abounds to the south of a certain line, or exactly in those extensive and steppe-like 
undulations, which have been void of trees throughout allJcnown time. 

Recognizing the great extent and uniformity of the tchornozem at various ele- 
vations, Mr. Strangways indicates its existence at intervals from the Volga to the 
tracts near the mouth of the Danube, and even to Podolia and East Gallicia’. He 
further remarks, that in Podolia it yields a large quantity of m^re, and that though 
more sparingly distributed in the lower steppes of the Caucasus than in the higher 
plateaux, this mould is found to the east of the Sea of Azof, i. e. between that sea 
and the Caspian, and chiefly near the mouths of the rivers Kuban and Terek and 
around the salt marshes, near the edges of which the tchornozem is covered with a 
saline efflorescence having a disagreeable odour. 

Now if, from these facts, it be impossible to adopt the hypothesis of simple ter- 
restrial origin, and that we consider it a subaqueous deposit, with what known 
accumulation shall we compare the black earth ? Is it to be placed in parallel with 
the finely levigated silt which the Germans call loss, or with the upp§r diluvial 

' MS. read before the Geol. Soc. of London, anno 1824. In his valuable observations, Mr. Strung- 
ways, whose botanical knowledge is well known, also repudiates the prevalent idea, that this black mould 
can have been derived from the decomposition of forests. “ The character of the black mould being every- ^ 
where the same, it is difficult (he says) to imagine that the same plants ever grew in so many situations 
with sudi- opposite aspects, on such different soils and over so vast a surface.” 



562 


TCHORNOZEM OR BLACK EARTH OF RUSSIA. 


mud which in Belgium, France and Germany is said to bound the northern drift ? 
ThcAigh this comparison is made by M. A. Erman, and has been alluded to by 
M.E. de Beaumont we conceive that it still requires some modification and expla- 
nation. With the ordinary diluvial or drift clay the black earth has, indeed, little in 
common ; for it does not contain a single transported pebble. Besides, it is never 
mixe(fwith that drift which occupies such large tracts of northern Russia. Again, 
the composition of the tchornozem is most distinct from the loss of Germany, 
which light-coloured, sandy, calcareous mass, is abundantly filled with terrestrial and 
lacustrine shells in perfect preservation, clearly indicating that it was accumulated 
on the sides of ancient, wide, lacustrine risers, which were barred up so as to form 
lakes in the way described by Mr. Lyell, just before the present configuration of the 
land was completed. The fact, also, that the loss has not yet been seen on high 
plateaux, but occupies the sides and bottoms of great valleys, is in itself sufficient 
to prove, that although it may have been accumulated at nearly the same epoch, 
it cannot be considered the exact equivalent of the tchornozem, which, containing 
no terrestrial and fluviatile remains, is found at all levels without any relation to 
the existing form of the land. 

Debarred, by the absence of any portions of plants in its composition, from re- 
ferring it* to the decay of vegetation, and unable, from its mineral peculiarity and 
the absence of organic remains, to compare it with any known deposit, let us see 
whether the subaqueous condition of Russia at a compafratively recent period, of 
which we have just spoken, may not help us to solve the problem. 

In no part of the great region occupied by the coarse northern drift is there a 
tracg, as before stated, of the tchornozem, though yellow and white sands and 
stiff clays abound, the latter constantly charged with some transported pebbles. 
Extending then as far southwards, as currents or icebergs, to which we have for- 
merly referred, would transport them, it is very natural to suppose that, where 
the northern boulders ceased to advance, the bottom of the then sea, remote fi-om 
any disturbing force, would become covered with fine silt or mud, such as we know, 
from the soundings of hydrographers, is often found beneath mediterranean waters, 
far removed from the action of strong running water. 

If its origin be thus marine, we think it highly probable, that this fine silt may, 
to some extent, have been derived from the destruction of the black Jurassic shale, 

> See Comptes Rendus, 1841, p. 1223, including observations upon a notice of the tchornozem by our 
friend the Baron A. de Meyendorf. 
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80 uniform in its colour over all northern and central Russia. By reference to the 
Map it will appear, that this shale, which formerly must have had a vast extension, 
has been most widely denuded. Nor could it have been otherwise, when exposed 
to those powerful currents (which as the superior stratum it must have been) that 
carried southwards the northern materials. Such currents may then, we believe, 
have moved on this fine sediment in solution to the very extremity of tlfeir in- 
fluence, and thus transported it southward of the limit of the northern boulders. 
There is another reason for supposing that the Jurassic shale has furnished a por- 
tion of the materials for the tchornozem, in the absence of that earth to the south 
of certain tracts where we have reason to think that the former has never existed. 
In truth, it is in this respect exactly like the northern drift of Russia, which inva- 
riably contains many materials of the formation immediately north of it. Now, as 
there neither is nor has been much Jurassic shale north of Moscow, but abundance 
in the environs of that city, so it is only on passing the plateaux to Jhe ’south of 
that parallel, that we find the first great spread of this singukr black material. 

But even if this explanation of the chief derivation of the black earth be accepted 
in regard to European Russia, there are, we admit, difficulties respecting great masses 
of it in southern Siberia, over which no northern current transporting blocks has 
certainly ever swept. Granting, however, that the Siberian black earth tad equally 
a marine origin, may not its materials have been carried northwards round the 
south end of the Ural ehain ? Or may not a large portion of the low grounds of 
Siberia have been then under the waters of large lakes, whose bottoms would 
necessarily be muddy, as the whole region is void of coarse detritus ? 

Forbearing to speculate with our present knowledge upon the probable extension 
of bays of the ancient sea into those parts of Siberia, we cannot avoid alluding to 
a striking analogy between the deposition of the rich cotton soil of Hindostan and 
our Russian tchornozem. We learn from Captain Newbold, who described the 
“Regur” or Indian cotton soil some years ago', that it is a dark-coloured .silt 
which occupies the summits of plateaux at various elevations, and is spread out in 
separate broad masses, from the northern part of central India to the south ol Tri- 
chinopoly, but is unknown on the coasts. This Indian earth bears, iqflccd, a re- 
markable geological affinity to that of Russia in being never found to the north, or 
along the low country under the Himalaya Mountains, the great source of all the 
gravelly detritus of that peninsula. In Hindostan therefore, we believe, that this 

• See Records of the Royal Society. The memoir was not printed. 
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earth was originally marine silt, which, like the tchornozem of Russia, had been 
tranirported beyond the reach of coarser detrital influences’. 

The absence of any marine shells in this fine Russian sediment is, it is true, a 
negative fact, which, if unaccompanied by explanation, might indispose some 
persons to admit our hypothesis. We must, however, bear in mind that, after their 
emersibn, the low central parts of this empire, if but slowly elevated, may have 
long continued in an intermediate state of mire with little egress for water ; so that 
the remains of delicate testacea and sea- weeds (if they formerly existed) may have 
been entirely decomposed by the alternations of aqueous and atmospheric agency. 
However this may have been, we cannot look at the very great uniformity of its 
composition over such vast tracts, and its independence of existing drainage, 
without rejecting any theory which would explain the production of the tchornozem 
by subaerial and existing causes only, and we therefore refer its origin to aqueous 
deposit, and the subsequent modifications which the surface underwent, when passing 
into a terrestrial condition, long anterior to its occupation by the human race*. 

* In aspect, however, as well as in composition, the specimens of “ Regur which we have seen, differ 
essentially from the tchomoze^p in not being, by any means, so black, in containing much coarser grains 
\)f sand (even pebbles), and also calcareous (tufaceous) concretions, which are attributed by Captain New- 
bold to springs rising from the subjacent rocks. 

* We are not prepared to say to what extent the productive thick humus of the southern steppes and 
of Wallachia and Moldavia may be referred to the same period of accumulation as the tchornozem, but in 
a calculation of the productiveness of the South Russian soil, M. Ritter evidently groups all these tracts 
with the black earth. If the rich southern soil be analogous to the black earth, we of course entirely 
dissent from M. Huot, who states that its formation commenced at the epoch when the first human so- 
cieties were established, and has been continually increasing, and further, that it contains intact vegetable 
matter. This description will in no respect answer to that of the tchornozem, in which neither Pallas, nor 
Strangways, nor ourselves have been able to trace any vegetable fibre, and which, for all the reasons above 
adduced, could not have been formed in the present period. (See DemidofiTs Voyage dans la Russie M^r., 
vol. ii. p. 460 et seg,) 

Nor can we agree with M. Huot, that the total absence of trees in southern Russia and the steppes is 
due to any political causes, or to the wood-destroying habits of the nomadic tribes, who have for so many 
ages occupied those regions. The absence of trees over certain fiat and steppe-like regions of Asia is 
universal, whilst similar tracts in northern climes are specially covered with forests. This distribution 
results from ^neral conditions of climate ; and the want of dew, to which the inhabitants of South 
Russia attribute the want of wood, seems to us to be a much better reason than that of M. Huot. At all 
events we utterly disbelieve in the former existence of forests which have been destroyed (for Herodotus 
tells us that large tracts of the Scythians were entirely bare of wood), and we are firmly persuaded, that 
\>y no efforts could any government produce forests in those districts, except in certain rocky and moist 
spots> 
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But whether the tchomozem was originally the residue of a sea, or of great 
internal lakes, we specially dwell upon the probability, that during the elevation 
of the tracts occupied by it, the mire from which it has been derived, being then 
in a putrescent state, acquired its nitrogen and possibly in part its colour, from the 
decomposition of aqueous plants and microscopic animals, the remains of which 
may yet be looked for. Although, therefore, we would not be held to maintain, 
that the sea necessarily covered all the tracts now occupied by black earth, or that 
this substance was necessarily derived from the black Jurassic shjde^ we distinctly 
assert, that, from its composition and distribution, it must have been formed under 
water. 

Modem Changes in the surface of Russia in Europe. — ^The former sea-bottoms of 
European Russia having been, as we believe, desiccated, and converted by elevation 
into a continent, we proceed to consider the changes which have since takep place, 
and are still occurring on the surface of this great mass of land. We have already 
stated, that the scratches on the rocks, the great fissures now occupied by the 
northern lakes, and the course of the remotely-drifted materials (as far as the flat 
regions of Russia in Europe are concerned), have nearly all common and undeviating 
directions. During the modern epoch, however, a new order of operations has. 
arisen. The detritus is now carried down in every direction by the existing water- 
courses, wherever the inclination of the country favours such transport. In truth, 
some materials which were formerly transported from north to south, are annually 
carried back a part of their journey to the north, and others which had equally 
travelled from the north, are borne both to the east and west. The banks of most 
of the rivers in northern and central Russia consist, in fact, of the foreigiF drift 
which has been described ; and hence it is evident, that on mouldering away, these 
accumulations must fall into the water, the northern erratics thus often becoming 
imbedded in the winter’s ice. In the spring, when the ice is broken up, many of 
these blocks are occasionally borne in small floes, which, when they get into the 
central current, will follow the stream for a certain distance, until stranding on its 
bottoms or sides, they melt and deposit their stony loads. The protrusion of an 
irregularity or rock in the bed of a stream, having once given rise to thfi accumu- 
lation of such materials, the impediments to navigation are periodically increased 
by the accession of fresh loads of boulders. In this manner, blocks which had^ 
been transported by the old erratic drift to the edge of the Valdai Hills, are 
brought back northwards by the currents of the Volkof and the IVJsta. The great 

4 D 
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Dwina of the East also offers examples of such action of transport from south to 
norCb, whilst the Volga, particularly in its course from Mologa to Yaroslaf, per- 
forms the same operation in another direction, when flowing from north-east to 
south-west. These river beds also offer an analogy, assisting us to explain why 
the large boulders of the northern drift are usually found associated with mud or 
clay. ^ In many places we observed them to be accumulated in groups, sticking in 
the mud, just at the high-water mark, and where they would naturally be left at 
the breaking up of the frost, when the swollen streams flowing at high levels, the 
sharp edges of the ice would become fastened into the muddy banks until they 
dissolved ; whilst the same masses would shoal away from slopes of incoherent 
sand. The granitic boulders so found in fluvial detritus, and often high on the 
sides of the banks, are frequently more rounded and worn than those mementos of 
the ancient northern drift which lie simply on the surface of the lands, a fact 
well-explained by the river blocks having undergone subsequent rolling on the 
river-sides. 

“ Elevated Fluviatile Ridges of Angular Blocks -*" — Another effect of fluvio-glacial 
action must now be explained. Towards the mouth of the Dwina, and about 110 
^ versts above ArchangeFj the white carboniferous limestone before described occu- 
pies the banks in horizontal layers, the edges of which are partially covered with 
mud and sand. The limestone is best seen when the water is lows as at the period 
of our visit. About thirty feet above the summer level of the stream, the terrace 
on the river-side is covered for two or three versts by a band of irregularly piled, 
loose and large angular blocks of the same limestone, arranged in a long uniform 
ledg^ the surface of which slopes both to the river and to the roadway, so that the 
view of the stream is shut out from the traveller by this ledge. In other words, 
these materials (all purely local) constitute a broken ridge of stones between the 
road and high-water mark. A woodcut will best explain these appearances. 
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• showhrg (a) the ancient hillocks of sand above the road-terrace, which is partially 
covered with water at high inundations, {b) the ridge of broken limestone, (c) the 
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sloping river-bank, and (c?) the summer level of the stream. The occurrence of 
these supra-riparial ridges of angular blocks “ in situ ” is thus explained. "When 
the Dwina is at its maximum height (e), the water which then covers the edges of 
the thin beds of horizontal limestone (/) penetrates into its chinks, and when 
frozen and expanded, causes considerable disruptions of the rock, and the con- 
sequent entanglement of stony fragments in the ice. In the spring, the fresh- 
swollen stream inundates its banks (here very shelving), and upon occasions of 
remarkable floods so expands, that in bursting it throws up its icy fragments to 
fifteen or twenty feet above the highest level of the stream. The waters subsiding, 
these lateral ice-heaps melt away, and leave upon the bank the rifted*and angular 
blocks (6), as evidences of the highest ice-mark'. In Lapland, M. Bdhtlingk has 
adduced some extraordinary examples of this sort of glacio-fluviatile action ; for 
he assures us that he there found large granitic boulders, weighing several tons, 
actually entangled and suspended like birds’-nests in the branches of pine-trees at 
heights of thirty or forty feet above the summer level of the sfreams. 

Elevated Block Ridges on the Banks of Lakes . — Until we observed the angular 
and elevated block ridges on the banks of the Dwina, and assured ourselves that 
ice is a *‘vera causa” in elevating large stony masses, w6 had great difiiculty in, 
explaining the origin of certain ledges, which stand at higher levels on the western 
side of the lake of Onega. The chief of these, which was pointed out to us by 
Colonel Armstrong of Petrozavodsk, occurs on the .slopes of the hill Kamenibor, 
and is composed of the hard quartzose sandstone or altered old red sandstone, 
described in the fourth chapter. Lying, as nearly as we could guess by the eye, at 
about 200 feet above the lake, this ledge (6'), as represented in the subjoined section, 


* Though we were only present in the summer season, and therefore could not witness such phseno- 
mena, we have before us a description of an extraordinary breaking-up of the Dwina at Archangel by 
our kind friend Mr. Whitehead, Her Britojinic Majesty’s Consul at that port, to whom we had written on 
the subject, which satisfies us, that if the edge of the river there consisted of jointed thin-bedded lime- 
stone, like that to which we allude, instead of the fine mud and sand, which alone constitute its banks, 
the same results must have ensued lower down the stream. Mr. Whitehead’s account is as follows ; — I 
wish you could witness such a breaking- up of our river as we had in the spring of 1835. In the course 
of five or six hours the water rose fourteen or fifteen feet, with the ice one compact mass updn it. Calcu- 
late the enormous pressure of such a body of water with the impetus of such a current, and you may, 
perhaps, form some idea of the crash when the ice did give way. It was grand in the extreme, and if 
we could calculate upon such a breaking up this spring, I should say you would be richly «apaid by • 
coming to see it. I could compare it to nothing but the roaring of artillery. Blocks of ice remained 
for a long time high and dry upon the banks.” ^ 
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is about twelve or fifteen feet wide in its central part, from which its surface gra- 
dually slopes away on each side, so as to leave a width of about thirty paces for its 
base. It is composed of angular blocks (some not less than ten and twelve feet in 
their greatest diameter) which consist exclusively of the same quartzose sandstone 
as that which constitutes the subsoil on which they lie. The sloping surface of the 
Kamenibor, still higher above the ledge, presents, it is true, some scattered granitic 
boulders (/), but we could not detect one of them in this ridge of angular blocks of 
siliceous grit. To consider it as an ancient edge of the lake which had been drained 
off to its present level, appeared, at first sight, to be impossible ; for the gigantic, 
angular and unworn blocks, only slightly covered by lichens, and piled up like the 
broken rocks in a foreground of Salvator Rosa, were totally unlike any ancient lake- 
banks we had ever seen. They were, indeed, wholly dissimilar to the parallel roads of 
shingle at Glen Roy in Scotland, which several geologists have attributed to lacustrine 
deposit*. We therefore began to speculate on the possibility these coarse angular 
masses, in situ, being the results of ancient rents caused by earthquakes, which 
fissuring the strata in lines parallel to the lakes, had left these shattered piles in their 
present linear form. This hypothesis seemed, however, to be untenable, both from 
the vfery condition of the blocks, and still more by our observing two lower terraces 
(6 b) formed of similar materials, and lying at other levels between the higher ledge 
and the shore of the lake. We then began to think, that although unlike anything 

* No subject has afforded a more fertile theme for discussion than the shingle terraces or parallel roads 
of Glen Roy. Dr, Macculloch, Sir G. Mackenzie, Sir J* Dick Lauder, and Mr. C. Darwin, have written 
largely upon them, the first three referring them (under different modifications) to lacustrine deposit, the 
latter to submarine influence, when these tracts were fiords or ancient estuaries. In this last opinion 
we entirely concur, as might be inferred from what we have said in the previous chapter on Scottish drift and 
gravel. It ought further to be stated, that when Professor Agassiz visited Glen Roy (anno 1840), he 
considered the parallel roads to have been formed by ancient glacial action, suggesting that a lofty wall 
or mountain of ice had barred up former lakes, which were drained off by its disruptions. Without now 
entering into these theories, we have only to say, that our cases of Petrozavodsk and the Dwina are very 
different, indeed, from the phsenomena of Glen Roy. 
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we had ever seen on lake or river-banks in the British Isles and Western Europe, 
the three ridges must be connected with ancient lacustrine conditions, and^ that 
however produced, they would be found to indicate, that in former periods of our 
own sera (long subsequent to the deposit of the northern blocks, none of which, 
as we have said, are found in this local detritus) the Lake Onega occupied a much 
wider space, and stood at much higher levels (c c c), from which it had been suc- 
cessively let off to its present state. The modern glacial action of the Dwina sub- 
sequently seen, explained to us, indeed, very perfectly, how during more extended 
glacial action on its banks, the vast Lake Onega might have produced the more 
striking ledges of Petrozavodsk ; and thus we were led to believe, that the fresh- 
water lEikes of the interior of Russia had been drained off at intervals by successive 
elevations of the land, and that the present lakes are but the remnants of former 
and much more extensive waters, which stood at higher levels. A traveller from 
the Alps, well-versed in the phaenomena of glaciers, but unacquainted with the 
peculiar glacial action of Russia, especially of that which we detected on the 
Dwina, might perhaps, on seeing these ledges near Petrozavodsk, have identified 
them with Swiss “ moraines,” and, honestly imbued with his own theory, might 
have so written as to lead others to adopt his views. Ndw, we refer these ledges 
to a natural operation common to the extreme climate of Northern Russia, which 
in the expansion of water and the rupture of ice, frequently dislodges whole layers 
of stone, and piles theta up in a broken talus above the ordinary edge of the lake 
or river, and even, as proved by M. Bohtlingk, in the case we have cited, leaves 
large blocks suspended in the lower forks of the trees. In furtherance of this view 
it may be stated, that, for a long time, all European Russia must have been much 
more extensively covered with water than at present. A mere inspection of the 
great detailed map of the North of Russia, in which so many lakes, some of them 
already half-dried up, are laid down, would lead the geographer to the same con- 
clusion. In short, geological phaenomena, ancient tradition and modern history all 
combine to establish the fact, that as a great portion of the flat and central regions 
of Russia in Europe were beneath the sea at a very recent period, so the depressions 
in the higher and rocky lands which lie to the north, must afterwards have been 
occupied by lakes, the waters of which were successively let off ; the shallower of 
such depressions having been in many instances first converted into marshes, then 
into forests, tenanted by bears, elks and other wild animals, and, lastly, in!o plains 
or valleys occupied by man. 
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Modem Estuary Phanotnenon explanatory of the former origin of Coal. — Besides 
thes^ proofs of successive desiccation and change of outline, the North of Russia 
affords examples of modern accumulations, some of which throw light upon the 
probable origin, in more ancient epochs, of certain beds of coal. The embouchure 
of the Dwina, from ten or twelve miles broad at Archangel, is studded by not less 
than 2 S 0 small wooded islets, the sides of which and of the low country on the 
left bank of the stream, rise only to the height of a few feet above the high water- 
mark, and exhibit numerous alternations of hne silt. On disembarking at that 
bank near the post station opposite to the city, we found the cliff to be composed 
of the following materials in descending order: — 1st, vegetable soil and boggy 
woodland, into which the roots of living trees penetrated ; 2nd, clay and sand, 
alternating in fine laminae, with fragments of decayed wood, and indicating the 
deposit b^ the river ; 3rd, bog and peat, the remains of a former decayed vegetation, 
with blackened and rotted roots, &c. ; 4th, river sand repeated ; 5th, stiff blue clay, 
reaching down to thd water’s edge. Now this arrangement seemed to us very 
distinctly to indicate the alternation of river freshes or inundations with periods 
of dry land, on which vegetables grew, w'hilst the blue clay or base of the section 
ipight represent the ancifent bottom of the estuary, contemporaneous with that in 
wdiich, highbr up the Dwina, we had found the post -pliocene shells. At all events, 
whatever the lower blue clay might be, the overlying beds offer all the analogy 
which we require, in order to account for the phaenomena phevalent in some of our 
coal-fields, of the alternation of certain beds of coal and shale, wherein all the 
vegetables present the appearance of having been entombed in situ with other 
large layers, indicating the action of drift. For if this low left bank were sub- 
merged, and its materials consolidated by long-continued pressure, w^e might, 
doubtless, anticipate that there would be produced two distinct carbonaceous 
masses, one, in fact, formed out of vegetation in place, whilst the other, composed 
of estuary silt, and converted into carbonaceous sandstones and shale, would con- 
tain, here and there, fossil stems of trees which had been drifted by the stream, 
and placed irregularly, either athwart the strata, or laid along them in fattened 
masses. • 

Modem Ravines or*‘Avrachs." — There are no superficial features in Russia more 
worthy of the notice of geologists, than the striking fissures which are from year to 
year lai7*open in the earth, and often proceed to great depths downwards, not 
only into the drift and ancient alluvia, but also into the true subsoil Some of 
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these fissures have been described by Mr. Strangways, and the region in which 
he notices them near Jurievetz on the Volga, and Nijni Novogorod, is thatVhere 
they appeared to us also most remarkable. These “ avrachs” or “ baltas” of the 
Kussians are common to every part of the country, where high plateaux, essentially 
composed of soft materials, are flanked by valleys at some depth below them. The 
rapidity with which they are widened after the ground has once begun to*yawn, is 
quite surprising to those who have been accustomed only to survey the trodden 
tracts of Europe, and other parts of the world. 

Central Russia, indeed, has been shown to consist, to a very great extent, of a 
series of undulations, composed of incoherent materials. In othef words, it is a 
country so devoid of a hard framework, that the vast increment of clay, sand, or 
mud, which occupies her surface, is easily denuded, when an adequate cause is 
brought into play. The opening or Assuring of these masses, then, is first due to 
an extreme climate, which subjects the surface to intense and long draughts, alter- 
nating with heavy debacles, arising from the melting of thick coverings of snow 
and ice. During the hot and parching summers the argillaceous grounds necessa- 
rily split* into rents, and wherever these occur, they are necessarily filled in winter 
with great accumulations of snow and ice. The thaw* of the succeeding spring 
melting these bodies, the smallest crack of the previous year is enlarged into a 
gulley, which, widening as it approaches the steep sides of the hill, becomes, in 
a few seasons, a bro&d and deep ravine, through which the melted snow, mud, 
sand and clay, with occasional boulders and blocks, are transported into the ad- 
jacent river. It is the conjunction, therefore, of the very incoherent nature of 
the upper deposits of Russia with the extremes of her climate, that expl^ns the 
formation and rapid extension of her innumerable ravines. It would, indeed, be 
a curious problem to ascertain, to what extent these ravines encroach annually 
upon the best arable and pasture grounds of the empire (even in the suburbs of 
important towns), and in what progression this waste takes place. This might be 
approximately ascertained, by measuring the rapidly increasing delta in the Cas- 
pian near Astrakhan, at the mouth of the Volga, and the very perceptible silting 
jip of the Sea of Azof by the contents of the river Don. In no instance have we 
seen any means adopted to check this continual wear and tear, by which millions 
of tons of the richest soils are annually destroyed, ?ind carried away by the great 
rivers, though by levelling their sides and filling up the chasms in their SJly state, 
much of the evil might be averted. We may here also mention, that it is owing 
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to the fissured nature of the sides of the hills, and the wide mouths of these gulleys, 
that the great roads of Russia pass almost invariably over the very highest parts of 
the table-lands, where the “avrachs” are, comparatively speaking, small or rare. 
Instead of travelling along the banks of the great water-courses, as would be the 
case in western Europe, it has been found impossible to maintain roads along these 
lower levels, — first, from their being inundated during the spring season ; and, 
secondly, by the innumerable mouths of the ravines, which defy all the efforts of 
bridge-makers, and are for ever changing their courses and dimensions. 

In the mean time, though by unchecked natural processes, the finest plateaux 
of Russia should, in the lapse of ages, be levelled with the plains, yet has the 
geologist to thank these “ avrachs” for most of his best sections ; since it is gene- 
rally near their mouths, where the denudation has been deepest, that the parent- 
rock or true subsoil is laid bare. 

r 

State of the. Surface of Russia during the Spring Floods. — Increase of Deltas and 
Formation of new Lands. — Mud Volcanoes. — Elevations of Land, &c. — ^The great 
amount of change which Russia has experienced, and is undergoing by the degradation 
of her perishable subsoil, is, as we have said, mainly due to an excessive climate. 
The enormous volume of'-water, by which large portions of her surface are still 
covered at every annual melting of the snows, can scarcely be imagined, except 
by those who have traversed (we may say sailed over) some of the central and 
southern countries in the spring season, when to the eye of the geologist the lands 
seem to be emerging, like isles and promontories, on all sides from beneath the 
waters. It is then that each broad valley is, for six weeks or more, in a condition 
similar Jto that which we can imagine to have been the state of England, France 
and other countries, when their streams, instead of occupying their present beds, 
were lake-rivers or estuaries of great width, wherein many of the old gravel and 
sand-banks of geologists were accumulated, and in which the bones of extinct 
mammals are found. 

The height of the waters during this annual inundation can, indeed, be exactly 
read off, wherever any great stream has rocky banks. In gorges we have occa- 
sionally noted the spring high-water mark as having been forty feet above the di^ 
summer level ; and when it is considered, that such enormous volumes of water 
have, for ages, flowed off to the sea through deposits, for the most part incoherent, 
we can Well account for the vast increase of the deltas, within the historic period, 
at the mouths of all the chief or south-flowing rivers. 
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So great, indeed, must have been the increment of matter in the Caspian, the 
Black Sea and the Sea of Azof, that we must not be surprised to find very essen- 
tial distinctions between the features of the present lands near the mouths of such 
rivers, and those which prevailed during the earlier days of their occupancy by 
man. Thus freshwater shells common in the Volga have been found at about 
300 feet below the city of Astrakhan, which is thus built upon the mud bf that 
river. By its daily increasing delta, the Caspian Sea is, indeed, constantly en- 
croached upon and diminished in area, the shallow water already extending to 
forty and fifty miles south of the present embouchure'. Thus also, near the mouth 
of the Don, the formation of new land has proceeded very rapidly ; stnd even since 
the commercial port of Taganrog was founded by the Empress Catharine, the 
waters of the Sea of Azof have been so silted up, that large ships cannot now 
approach within eleven versts of their former anchoring-ground. 

Again, in regard to the Dnieper, if we may rely upon Herodotus, whp personally 
examined the coasts of the Black Sea between that river and the Danube, a still 
greater change must have taken place in its relations to the land. The father of 
history speaks, for example, of the .Borysthenes (Dnieper) having two distinct 
navigable mouths ; and of these features he seems to have been an eye-witness-. 
The easternmost branch, he adds, dividing from the main stream a losg way up, 
fell into the sea to the east of the race-course of Achilles (the Kosa Tendra and 
Kosa Djarilgatch of oui*maps) ; whilst he further speaks of two intermediate, in- 
land, but navigable streams, one of which united with the present river, the other 
with the lost branch. Whether the desiccation and stoppage of the lost branch of 
the Dnieper has been occasioned by the formation of fresh land at its mouth, ^which 
oecupying a portion of the low sandy tract between the mainland and the Crimsea, 
eventually forced back the waters, and threw them into the present stream ; or 
whether the operation was aided by a rise of the land connected with, or parallel tt) 
the great lines of ancient disturbance in the Crimaea and the Caucasus, are points 


* These new lands at the mouths of the great south-flowing Russian streams are marked upon our Maj), 
PI. VI., in a peculiar tint. The Sea of Azof, near Taganrog, is ten to twelve feet deep only, »nd in no part 
of it do the soundings exceed forty-five feet. The new port of Berdiansk, established by that enlightened 
administrator of the governments of New Russia and the Crimsea, Count M. Woronzow, is one of the 
best havens in the Sea of Azof. In the Caspism, which has no outlet, observations are wantiM to prove, 
whether its volume of water is really diminishing by an evaporation which exceeds the annum supply of 
the Volga. 
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which it would require an asBiduous personal examination to determine'. For, 
however the produce of the rivers may have so largely encroached upon the limited 
internal seas which subtend Russia in Europe, both on the north as well as on 
the south (St. Petersburgh being, doubtless, in great part built upon river silt 
of modern date), we must also look to elevation as a cause, which has actually 

* We^ are indebted to the researches of Professor Henry Malden, of University College, London 
and his iHendly communication of them, for our acquaintance with this curious point, which bears so 
directly on modem geological or ancient historical changes. Referring us to Herodotus (B. iv. cc. 16, 
24, 54, 55, 56 an^ 7C), wherein that author gives a minute account of Scythia and the Scythians, partly 
from his own observations, partly from inquiries instituted in the country itself, the learned Professor, 
in a letter addre^ed to Mr. Murchison, enters at some length into an analysis of the interpretation which 
can be put upon the words of the historian, who during his travels had certainly been at the Greek co- 
lony of Olbia on the Bug. Though there is internal evidence in his work, that Herodotus travelled over 
the country between that river (Hypaxis) and the Dnieper, there is no indication of his having crossed 
the latter, nor of his having sailed along the coast;, eastward of its mouth, since he speaks of the race- 
course of Ach^les in such a manner, as to show that he had not seen it, whilst he does not seem to have 
been aware of the peninsjilated form of the Crimaea, nor to have had any accurate knowledge of the 
isthmus of Perecop. He appears, indeed, to have had an exaggerated notion of the extent to which the 
Dnieper was navigable (to Gerhi 140 days* sail, the place of sepulture of the Scythian kings), unless 
we suppose that since his day the waters of that stream have been greatly lessened, and its cataracts 
formed by elevation of the land. Herodotus speaks positively of the river Gerrhus being parted off from 
*the Borysthenes at that part of the country up to which the latter river was known ; whence flowing 
into the Hypacyris, it formed the boundary between the pastoral and agricultural Scythians. Without 
following Professor Malden through his elaborate inquiry, in which he endeavours to reconcile certain 
apparent inconsistencies in the account of the great historian, we agree with him, that it is by no means 
improbable, that in a former period, the Borysthenes may have had a larger delta, and two mouths, 
though now confined to one, — an opinion also entertained by that sound geographer, Major llennell. 
Professor Malden further speculates upon the eastern stream of such a delta having been tlie Gerrhus ; 
whilst t)ie rivers Panticapes and Hypacyris, cited by Herodotus as flowing out of lakes between the Bory- 
sthenes and the Gerrhus, accord well (he says) with the notion of a great former delta. As, however, 
it appears that the brief descriptions of Strabo are not inconsistent with the present state of the country, 
the Gerrhus of Herodotus may, after all, be the same river alluded to by Ptolemy under that name, and 
which some persons have supposed to be the present Molotchina, which falls into the Sea of Azof. 
Regretting that, with our slight personal knowledge of this tract, we cannot ofler to our learned friend 
any fresh physical knowledge to enable him to decide on the relative merits of certain passages in history, 
we may say, that apparently no geographical feature exists which can have prevented the Dnieper from 
having formerly had two mouths, the easternmost of which proceeding from the spot named Kakofka 
may have flowed due south either by Katlantchak into the Gulf of Perecop, or into what is now the 
Putrid Sea, whilst the other branch passed, as at present, by Kherson to the west. However diflicult it 
may be to reconcile all the statements of Herodotus, his general assertion, that streams east of the Bug 
^were naygible to ships for some distance from their mouths, where no rivers are now to be seen which 
are even accessible in boats, ought to induce us to suppose, that since his time desiccation may have taken 
place to a considerable amount. 
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produced Btill more decided changes, — changes .whereby the grounds which are 
khown to have been formerly submerged, have been placed at some height above 
the waters. 

In this manner, we necessarily distinguish the changes which occurred in the 
tract between the Palus Mseotis and the Black Sea, before the times of the Greeks 
and Romans, from those which can have been since produced by the mere incre- 
ment of fluviatile deltas or blown sands at the river mouths. The origin of the 
peninsula of Kertch and the Isles of the Kuban, must, we agree with M. Dubois de 
Montpdreux, be referred to such elevation of the land*. 

Changes produced by Mud Volcanoes, 8fc. — ^That similar elevations ‘have been in 
progress from still remoter antiquity in all these southern regions, we have already 
attempted to show, and particularly in regard to the bottom of a former great 
Caspian Sea which we have proved to have been upheaved and desiccated at suc- 
cessive periods. Now the very coasts of the Chersonesus where marked changes 
have occurred in the historic aera, are in the vicinity, or, it tnay even be said, in 
the ancient line of elevation of the Caucasus and the Crimaea, along and parallel 
to which, mud volcanoes have been erupted, that have continued in action to the 
present day, and have raised up land above the waters which did not exist in thff 
time of the ancient historians. • 

' For a complete illustration of this branch of our subject, we gladly refer to a most instructive plate 
in the work of our distinguisAed contemporary, M. Dubois de Mv>ntp6reux. That plate contains five 
small maps, each representing the condition of the tract between Circassia and the Caucasus on the one 
hand, and the Crimaea on the other, during successive periods. In the first the Chersonesus Tauricus 
appears as a cretaceous promontory, separated by a wide strait from another advanced cretaceous spur 
of the Caucasus (Circassia),— in short, after the elevation of the chalk, and when the tertiary deposits 
were nearly completed, a few of their coral islands only appearing above the waters to the north of the 
strait. The next map exhibits the tract after the elevation of the tertiary formations, by which move* 
ment the peninsula of Kertch was united with the Crimoea very much in its present form, yet when a few 
isles only and the Cimmerian Bosphorus had been formed. The third gives the apparition of Taman and 
several adjacent isles of the Kuban through the eruption of mud volcanoes. The fourth, which is the 
historical portrait of the outlines, as restored from the writings of Strabo, exhibits the chief islets of the 
Kuban already united with the main land, yet leaving free maritime passages for the Greek sailors of 
those days, to the east and south of the Cimmerian Isle, with the river H 3 rpaniB flowing to the north-west 
into the embayed waters between the Cimmerian Isle and the Sindic promontory. The fifth and last 
plan, as taken from an accurate map of 1834, shows how the Hypanis (the present Kuban) has changed 
its course, and now flows to the south and west below the former Sindic promontory, which was thus 
converted into the isle or peninsula of Taman, whilst the larger islets are almost united, and of thc^ 
smaller absolutely joined to the main land (the old sea-passages being blocked up) by the great increment 
of deltic matter. 
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That some of these elevations occurred within the historic 'sera, may be inferred 
from- the fact, that in the walls of the fortress of Sudac, near Theodosia in the 
Crimsea, we ourselves saw stones procured from coast-cliffs, which contained 
shells of the Cardium edule and Mytilus edulis, now living in the adjacent Black 
Sea, and which we are disposed to think must have been thrown up on the line of 
eruptidn of the mud volcanoes, and parallel to the axis of the Caucasus (see Map, 
PL VI.) . The opinion we formed upon the spot, that these mud volcanoes have a deep 
seat, and are as directly connected with internal igneous agency as any other geolo- 
gical phaenom^non of eruption, is, we think, sustained not only by their extension 
over a tract 200 versts in length (that hne of direction being coincident with the 
fires of Baku and other mud eruptions in the Caspian), but, above all, by the occur- 
rence of fragments of limestone and shale (unlike any portions of the surrounding 
strata) , which they have ejected with their mud and scoriae'. These mud volcanoes 
are, therefore, in our estimation, the last remnants of ancient and more intense 
igneous action, by which enormous masses of sedimentary matter have been hurled 
up, in former epochs, to constitute the lofty Caucasus. 

In alluding to these southern tracts of Russia which havo been so recently illus- 
trated by M. Dubois de Montp^reux, by the French savans employed by M. DemidofF 
and by M. rHommaire de Hell, whose work is not even completed whilst we write, 
we must again render justice to Mr. Strangways, to whose manuscript, read 21 years 
ago before the Geological Society, we have previously alluded*. Speculating upon 
the probable former connection of now detached masses of water which might then 
have formed an eastern Mediterranean, and citing Strabo, and his commentator 
Gossejin, for various descriptions of ancient geographical features, including the 
probable voyage of the Argonauts beyond the Crimaea, which must then have been 
an island, he concludes with the following striking passage : — 

“ By whatever cause it may have been drained, the low steppe exhibits no dilu- 
vian phenomena, no system of valleys, no sign of a debacle or sudden and violent 

* See M. de Vemeuil, Mem. Soc. G6ol. de Fr., vol. iii. p. 6-10. Strangways also mentions the pre- 
sence of fragments of limestone and shale in the black bituminous mud and red scoriae as an indication that 
the seat of the eruptions is deep. (MS., read before the Geological Society of London, anno 1824.) 

* Mr. Strangways further makes a suggestion respecting the desirableness of the very operation which 
has been recently carried out by M. Hommaire de Hell. “ It is much to be regretted (he says in allusion 
/o the operations of MM. Parrot and Engelhardt) that they did not make their observations along the 
course of the Manych instead of across the high steppes. The greatest elevation of the low steppe above 
the Sea of Azof is still undetermined." 
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retreat of the MPater. Its present state must therefore be attributed, 1 think, to a 
gradual drying up of the sea which covered it, till in process of time it became broken 
into a series of lakes, the level of which is determined by the proportion which the 
water poured into them by rivers or falling from the clouds, bears to that taken 
from them by evaporation.” In support of this view, Mr. Straiigways, quoting 
Pliny, further shows that such was the opinion of the ancients. “ Sed in Obrcinite 
Taurica incipit, quondam mari circumfusd et ipsd” Plin. iv. 12. “ Ad hos confu- 

gerat Mithridates Claudio principe, narravitque Thulos iis esse confines, qui ab 
oriente Caspii maris fauces attingerent : siccari eas eestu recedente.”* Plin. vi. 5. 

Though opposed to our own view, which has been already to a great extent ex- 
pressed (p. 314), viz. that elevations to various levels will alone adequately explain 
the phsenomena of the steppe limestones and sandy steppes (both the bottoms of a 
former Caspian), we specially cite these passages to prove, that the opinions which 
have been recently sustained, particularly by French authors, respectipg tlie desic- 
cation of the Caspian and other inland sheets of water b)* evaporation only, was 
anticipated by the earliest of our contemporaries who wrote upon the geological 
structure of Russia, and who, unacquainted with many of the facts elicited by sub- 
sequent researches, endeavoured to explain existing phenomena by evidences »f 
ancient tradition, which had escaped the notice of his precursors. • 

Changes operated by Man. — But besides such great natural alterations of outline 
and the diurnal wear cff the surface, there pan be r.o doubt, that man himself has 
produced considerable changes. Thus for a long time most geographers viewed as 
little better than a fable, the tradition or opinion derived both from the features of 
the country, the details of the historians of Alexander the Great, or the recital of 
the old English traveller Jenkinson, that the main stream of the Oxus once flowed 
into the Caspian Sea. 

Humboldt has the merit of bringing out in all its force the high probability of 
such having anciently been the case, and a very modern discovery of M. N. Khani- 
kofF has, we think, strengthened his inference. It has been recently ascertained 
that the river Tanghi-Daria (the Orontes of the ancients), which formerly flowed 
into the sea of Aral in a line considerably south of the Jaxartes, was deflected into 
that stream a few years ago by the mere manual operation of the natives (the Kho- 
kans), who fearful that their well-watered tract might fall a prey to their warlike and 
predatory neighbours of Khivah, constructed a dam and turned their itVer north- 
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wards to the Jaxartes, thus sterilizing a wide and rich tract towards the southern 
end «f the sea of Aral, and contiguous to the Khivan frontier*. 

A similar operation therefore, and possibly of no greater magnitude, effected by 
the Khivans, may have deflected the principal ancient stream of the Oxus from its 
course through the low steppe of the Turkomans and by the south of the plateau 
of Ust-Urt to the Caspian Sea, and have caused the waters of that mighty stream 
to flow into its present Aralian estuary, thus verifying the words of old Jenkinson, 
“ The water that serveth all that countrey (Khivah) is drawn by ditches out of the 
river Oxus unto the great destruction of that river, for which cause it falleth not 
into the Caspian Sea, as it has done in times past ; and in short time all that land 
is like to be destroyed, and become a wilderness for want of water, when the river 
Oxus shall faile*.” 

The hands of man have also produced and are still effecting considerable changes 
in large tracts of Russia, by the destruction of her forests and the conversion of her 
northern marshes into arable lands. A few centuries only have elapsed since 
northern Russia was a dense virgin forest, with vast intervening marshes and lakes, 
but now her gigantic pine trees are felled, lakes and marshes are drained, and 
the culture of corn is eutended to the latitude of the White Sea. The natural 
recipients of so much moisture having been destroyed, we may (exclusive of the 
great spring debacle which in an extreme climate may have been always nearly the 
same) in great measure account for the sensible diminution of late years in the 
waters of the Volga and other great streams, whose affluents rise in those very 
countries where large tracts are now drained. 

M. Baer and M. Koppen® , observers of great authority, have, indeed, supposed, 
that in truth much the same volume still passes through the Volga as in former 

’ See letter of M. N. Khanikoff to Mr. Murchison, Journal of the Royal Geogr. Soc., vol. xiv. p. 333, 
where it is shown, that even in the year 1810 ! the Tanghi-Daria was a copious stream. 

• See Hakluyt, vol. i. p. 367, ed. 1809. 

* See a Report of a Commission by M. Koppen, with a preface by M. Baer, “ Ueber den Wald und 
Wasser vorrath im Oebiete der obem und mittlem Wolga. Beitriige zur Kentniss des Russischeu 
Reiches, voL iv. St. Petersburg, 1841.” In this memoir, a distinction is drawn between the moisture 
proceeding from the Atlantic with its westerly gales, and that of the White Sea withjts north-easterly 
winds. The main feet however is, that the sources of the Volga (and this applies to many other Russian 
rivers) were spongy marshes, which are now so much drained, as to occasion a diminution in the volume 
of the stsaaBF at certain seasons. 
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periods of Russian history, but that owing to drainage of the marshy woodlands 
which fed that stream, it is not held back for a length of time, as of old, in the 
upper natural reservoirs, but flows oflf quickly into the low countries, and being 
carried in a short season to the sea, leaves the river too low for navigation in the 
height of the summer season. Whether this opinion be adopted or that of a sensi> 
ble annual diminution of moisture, caused by the destruction of dense forestswhich 
formerly obstructed evaporation, the result is the same as concerning the effects 
upon the surface and the internal tracts of the country. For our own part, we 
can scarcely refrain from thinking, that the axe of the miner (for \^ood is the chief 
fuel of the Russian mines) has been a prime cause of this increasing drought ; an 
opinion which we formed in the Ural Mountains, from whence the Kama and 
greatest feeders of the Volga proceed, and where the inhabitants, complaining of 
the annual decrease of water, invariably refer this effect to the clearing away of 
their forests. , 

Conclusion . — In terminating our view of the physical structure and mutations of 
so vast a portion of the earth’s surface as Russia in Europe and the Ural Mountains, 
we will not attempt to recapitulate, in any lengthened detail, the various results of 
our labours, nor revert to our inferences respecting coal and other mineral produo- - 
tions and their intimate dependence upon geological conditions'. Those readers 
who may have had the patience to peruse this volume, will, we trust, have found no 
want of illustrations of our views on every geological subject, from the formation 
of the earliest deposits to the comparatively recent changes which have just been 
alluded to. 

Our first effort was to impart to the reader a correct view of the succession of 
the various sedimentary strata which constitute the framework of these regions, 
by laying before him a series of evidences of the order in which the different forms 
of ancient life succeed to each other. In all that portion of the work, there are, 
we may be allowed to say, no theoretical views whatever. We have there simply 
unfolded the leaves of fossil records that attest the former presence of many 
generations of a nimals , which having respectively lived their day, were succeeded 
by others. In so doing, we have endeavoured to act as fair and impartial historians, 
and we are bound to say, that the examination of the subsoil of Russia has very 
much extended and improved our general knowledge of the events, which have 


• See Preface, and pp. 77, 89 to 123, &c. 
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taken place upon the surface of the globe, whether as respects the most ancient or 
more^nodern accumulations. 

In the first place, we have indicated the existence over large tracts in Scandi- 
navia, the Baltic provinces and northern Russia, of those Lower Silurian strata, 
which by extensive examination of various countries, have been found to contain 
the earliest vestiges of animal life. This point has, indeed, been rendered singularly 
clear in Sweden, where Lower Silurian rocks, perfectly identified with those of their 
typical regions in the British Isles, rest at once on crystalUne or azoic rocks of 
antecedent date', in which the remains of all organized beings, if such there ever 
were, have been entirely obliterated. Representing as elsewhere the lowest recog- 
nizable stage charged with organic matter, the Lower Silurian rocks of Sweden and 
Russia teach us, that among the earliest animals known to us were crustaceans, 
with eyes * suited to the recesses of the seas in which they lived, and that these, 
with certain,Mollusca, Zoophytes and Crinoidea, which have long since passed 
away, were associatedwith marine fucoids, the latter being, as far as we know, the 
only vegetables of which there is a trace in this protozoic group. 

The next or Upper Silurian stage of Russia and the Baltic Isles is remarkable for 
• the close analogy of all, aad the identity of a great number of its mollusks and corals 
with those of the same period in the British Isles. In it, however, no traces of fishes 
have been found ; a negative fact which induces us to remark, that whilst the Lower 
Silurian formations have nowhere offered the fragment of a vertebrated animal, and 
that a very few small fishes of peculiar form have only been found at some localities of 
the Upper Silurian deposits in England (chiefly in their highest beds), the system 
must, ojfi the whole, be viewed as one almost void of this great class of organic beings. 

The Silurian system of the northern countries of Europe is indeed closely 
analogous to that of Great Britain ; and its examination has taught us, that 
wherever the sediments of the same age in the two regions resemble each other 
in lithological texture, such similarity is accompanied by a close approximation 
and frequent identity in the associated organic remains. 

The survey of Russia has next strikingly confirmed the fact, that the Devonian 
or Old Red system of English geologists is the second great natural group of 
deposits in the ascending order ; and there, as in the British Isles, it is the great 
fossil '' piscina" in which the mass of the earliest fishes has been preserved. The 

• m 

* See Dr. Buckland's masterly description of the structure of the eyes ot Trilobites, Sixth Bridgewater 
Treatise/* vol. L p. 396. 
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development of the Russian strata of this age has further dispelled all doubt con- 
cerning the identity between the Old Red Sandstone of Scotland with its ichthy- 
olites, and the slaty, calcareous rocks of Devonshire and the Rhenish provinces 
with their shells and corals, since it exhibits innumerable proofs, that the fishes 
and mollusks, which in most parts of western Europe appear to have been severally 
peculiar to smaller detached basins, were in this region living in the same sea, 
and entombed in the same beds. Here also, as in the Silurian rocks, we perceive 
a marked connection between the mineral character of this deposit (which occupies 
80 vast an area in Russia) and its imbedded fossils ; for in certain gre’at sandy tracts 
of that empire, as in the Scottish Old Red Sandstone, its organifc remains are 
exclusively those of fishes ; whilst in districts, where calcareous and diversified 
strata occur, similar species of fishes are associated with mollusks and other 
organic bodies. 

Ascending to the third system, it has been shown, that a very large portion 
of Russia is occupied by limestones and associated shale6 and sands, which, 
from their fossils, are completely assimilated to the carboniferous or mountain 
limestone of other well-known countries. Trilobites, extremely abundant in the 
Silurian and rare in the Devonian strata, become very sc^i'ce in this deposit ; antl~" 
though ichthyolites, including some of peculiar sauroid forms, are abundant in 
this formation in England, Belgium and France, they seldom occur in Russia ; a 
scarcity which may havS depended on the absence of favouring submarine condi- 
tions. Brachiopods entirely difiFerent from those of the subjacent formations, con- 
stitute, in truth, the great and general terms of distinction ; many of the species 
being absolutely the same as those of the like age in the British Isles, evea when 
the deposit is followed into the low countries of Siberia. In the regions under 
review, as elsewhere, these carboniferous rocks are the lowest receptacles in which 
numerous land plants have been found, and these vegetables also are often un- 
distinguishable from those which occur in similar beds of western Europe. These 
and other examples observed at Melville Island, the north coast of America, in 
Spitzbergen and Nova Zemlia, as well as in the more southern latitudes of Europe, 
have led us to believe, that in all those ancient periods, when the same* species of 
shells lived in seas distant from each other upwards of 4000 miles, and when 
the first tree-bearing lands, whether Arctic or equatorial, produced the same great 
monocotyledonous plants (the source of all great coal-fields), there must Cave been 

4 r 
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a lower aAd more uniform outline of the surface, and consequently a dimate infi* 
nitely more equable and universal, if not more warm, than at the present day *. 

When thoroughly examined, the rocks of each new country are found to fill up 
lacunse or present new zoological evidences ; and thus in Russia we have first learnt, 
that the minute foraminifera occur in strata of such high antiquity as the carboni- 
ferous.* 

The exploration of the enormous basin of red sands, marls, limestones and cu- 
priferous deposits covering a vast region, of which the ancient Permia is the centre, 
and a compari^n of the same with synchronous deposits in Glermany and England, 
have led us ter propose a common name for a group, which we have shown is natu- 
rally and indissolubly connected with the three underlying or palaeozoic systems, 
and entirely distinct in all its contents, whether animal or vegetable, from the over- 
lying secondary formations. This point is, we consider, of great importance in 
geological classification, particularly with reference to other countries where such 
deposits have been generally, though erroneously, connected with the New Red 
Sandstone, whilst, in truth, they are intimately related to the coal strata beneath 
them. In this deposit the earliest-formed Saurians appear, — animals, however, 
■'Very distinct in generio character and structure from those of the subsequent 
epoch. « 

On the doubtful and partial occurrence of the trias of continental geologists we 
have little to say, as it is nowhere clearly apparent in Rdssia proper ; though we 
have expressed our belief that the fossils of Mount Bogdo, in the steppe of Astra- 
khan, seem to be of the age of the Muschelkalk. 

In tjje Oolitic or Jurassic series, which is so fully developed in England, France 
and Germany, the lias and lower oolites of those countries are entirely wanting. 
The Oxford clay and its associated rocks, including the calcareous grit and coral 
rag, alone appear on the surface, and contain, besides analogous groups of shells, 
the same species of Saurians as in England ; another decisive proof, derived from 
a comparatively high order of animals, of the continuation of much more widely 

> The presence of the true carboniferous limestone in Spitzbergen is well known, both as recently 
observed by Professor Lbven, and also through fossils brought to Eng la nd by the polar voyagers and to 
Paris by the naturalists of the French “ Expedition du, Nord." (See Bullet. Soc. Gdol. de P^ce, vol. 
xiii. p. 24.) Indeed, both there and in Nova Zemlia, as, proved by M. Baer, coal exists in considerable 
^uantiti^,lhough the fossil vegetation, of tropical character, from which it is formed, is for the most 
part now buried under eternal snows. 
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extended conditions of climate in those days than in our own. With some subdU 
visionary distinctions of mineral character, the chalk of Russia is in a remarkable 
degree analogous, both in mineral and zoological contents, to that of England, whilst 
some of the lower tertiary beds which overlie it are perfectly similar in their fos- 
sils to strata of the same age in the London and other basins. The miocene, or 
middle tertiary deposits, are, in truth, nothing more than continuations of those of 
Austria and the Danube, known to be identical with the shelly beds of the north 
of Italy. 

In treating this portion of our subject, we have specially dwelt upon a great 
physical feature regarding the former geography of the terrestrial surface, to which 
little or no attention has been previously paid. The steppe limestones of the 
south of Russia and those surrounding the Caspian, Azof and Aral seas, are shown 
to have been relics of an enormous inland sheet of water, fully as large as the pre- 
sent Mediterranean, and probably having had scarcely any communication with the 
ocean. This opinion is strictly derived from the evidences of the organic remains, 
which, whether imbedded in limestone cliffs at 200 or 300 feet above the sea, or 
lying loose in the sands of the lower steppes, are all species perfectly distinct from 
those of the ocean of this or any former date, but identical with or analogous 
forms now living in the present Caspian and Aral seas. • 

In the north of Russia marine deposits with existing oceanic shells occur, also 
indicating periods apprcteching to our own ; and it haj further been shown, that vast 
accumulations of foreign drift, which encumber the surface, have been accumulated 
under the w'aters of the sea. Finally, we have attempted to point out the manner 
in which certain subaqueous deposits were desiccated, and how after passing into 
lands they have been since modified. 

This long register, from the earliest traces of organic existence, has been read 
off, notwithstanding the prevalent absence of those facilities which are offered to 
the observer in other countries. In western Europe, the various strata are often 
so inclined, that the succession of several formations is frequently seen in escarp- 
ments occupying the breadth of a few miles only. Tlie case, however, is not so 
in Russia, where the whole series of deposits, over an area nearly as large as all 
that part of Europe to which geologists have hitherto attended, may, with very 
slight exceptions, be termed a great horizontal mass, the undulations and denu- 
dations in which alone enable us to decipher its details of succession, by*lravellin^ 
over the enormous spaces which any one of its members occupies. But however 

•4 v 9 
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monotonous and fatiguing to the fossilist or lover of varied scenery, this great 
Russian basin, void of all traces of eruptive rock, is, it must be admitted, un* 
rivalled as a theatre for the study of the sedimentary formations in their pristine 
state. The contemplation of it teaches us, that wherever eruptive agency is absent, 
the antiquity of the formations which constitute the crust of the globe, can in no 
wise b€ judged of from their mineral or lithological aspect ; for the very oldest 
deposits (Lower Silurian), charged with fossils common to the crystalline slaty 
rocks of other regions, there occur as greensands and half-consolidated, mudlike 
limestones, which* together with many portions of the Devonian, Carboniferous and 
Permian systems, are sometimes not to be distinguished in lithological aspect from 
the younger secondary or even tertiary deposits of western Europe ! 

We also learn, that notwithstanding the absence of violent dislocations, the 
various Russian formations, though horizontal, or so nearly so, that they may be 
all considered conformable to each other, are as distinctly separable by their included 
remains, as in those typical and dislocated tracts where geologists first worked out 
their order. The theoretical doctrine, derived from an examination of a small por- 
tion of the globe, which supposes that the termination of groups of former organic 
.beings was entirely dependent upon contiguous eruptions, which ravaging the earth 
at given periods and dismembering the former beds of the ocean, destroyed its 
existing inhabitants, must therefore bend before such copious evidences. These 
evidences most clearly announce, that over spaces as large 4s other European king- 
doms, the sediment of one palaeozoic period was accumulated around the relics of 
a peculiar set of animals and then tranquilly succeeded by another large formation, 
when dififerent groups of creatures were brought into being, without any sudden 
revolutions or fractures of those portions of the crust of the planet. 

Let us not, however, be misunderstood. Although we have ascertained that the 
framework of the earth has here undergone scarcely any violent ruptures, we have 
already adverted to grand and broad movements of elevation and depression to which 
the whole country must have been subjected, and without which it would be difficult 
to explain the omissions in the series of deposits whereof we have spoken. Thus it 
has been shown, that in one of the very earliest periods, the lowest Silurian rocks 
along the Finnish and Lappish frontier have been highly disturbed and metamor- 
phosed, and that in the Russian Baltic governments, as in Sweden, they have been 
raised antTplaced beyond the influence of the waters under which the Upper Silurian 
deposits of the Baltic were accumulated. The lower and upheaved deposits must. 
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however, have been soon after depressed, for the Devonian strata with their ich- 
thyolites are found resting on them. Again, we believe that the great central dome 
of the Devonian rocks of Orel was elevated not long after its formation, and, acting 
as a bar or line of separation in the waters, thus produced a distribution of sedi- 
mentary matter on its southern side very different from that upon its northern, 
and separated the great cretaceous and tertiary country on the one side*from the 
palaeozoic rocks on the other. 

Looking to the differences, however partial, between the fossil floras of the car- 
boniferous and Permian rocks, we cannot but infer, that these plants were in exist- 
ence upon adjacent lands during each of these periods ; nor dan we view the 
existence of the Jurassic series with its Ammonites and Belemnites, nor mark the 
great hiatus which exists between the base of this group and the Permian rocks 
beneath it, without believing, that broad and decided oscillations of sea and land 
took place both in and around these regions, which placed certain, masses above 
the influence of the waters, during the very long interval of time which neces- 
sarily elapsed. 

Yet, after all, Russia in Europe constitutes but one huge depositary basin, 
surrounded on nearly all sides by plutonic, metamor{fliic and crystalline rotStar 
We readily therefore admit, that the various changes which took place in Scan- 
dinavia and Lapland on the north, in the Ural Mountains and Siberia on the 
east, in the Caucasul and granitic steppes on the south, and in the Carpathian 
and Silesian mountains on the south-west, may have considerably affected the 
conditions and influenced the relations of all the sedimentary accumulations of 
the low territories of Muscovy. Still, notwithstanding this admission, ,we dwell 
upon the fact, that such enormously wide horizontal deposits of different ages 
are nearly all conformable in superposition, and yet all clearly separable from 
each other by mineral characters and organic remains ; — thus decisively showing, 
that old races of animals have disappeared and have been succeeded by others over 
vast regions, in which there never has been the smallest eruption of plutonic or 
volcanic matter. 

However we may explain its elevation to various levels, the ancient bottom of 
one great inland internal sea of brackish water, large as the present Mediter- 
ranean, which occupying, as we have stated, a vast depression in the^earth ’sur- 
face between the Caucasian chain and Russia, extended over enormous tracts of 
Asia, must be considered as having originated in great physical changes. In the 
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present condition of nature, we compare that vast internal brackish sea with the 
present Caspians within its area, and thus from fossil reliquiae, some at consider* 
able altitudes, and others very little above the present waters, we can safely affirm, 
that this ancient Mediterranean was for a long lapse of ages almost if not entirely 
shut out from the ocean, its bottom having subsequently undergone successive ele* 
vations ^ masse, like those of the central Russian deposits. 

If these are among the results of our investigations of the tranquilly-formed 
deposits of Russia, and if light has been thus thrown upon the land-marks of 
geological science ; the explorations of the Ural Mountains have, we trust, proved 
not less interesting, by exhibiting a picture of intense disturbance and minerali- 
zation in regions which teem with metalliferous wealth. And what a contrast to 
European Russia ! In vain do we there search for a single foot of subsoil of the 
palaeozoic age which has not undergone agitation, change or fracture caused by 

a 

repeated emission of masses of eruptive matter commencing from very remote 
periods. 

By these operations the palaeozoic rocks of the Ural have been metamorphosed, 
in great part changed in their external characters, and were also thrown up to 
land (probably at first of no great altitude), whence peculiar plants of a 
very ancient vlate were washed towards the west into the sea of that epoch, under 
which the cupriferous Permian deposits and their marine remains were accu- 
mulated. The dark-coloured, hard, veined and crystallized 'condition of the older 
palaeozoic strata in the Ural, where eruptive agency has been in activity from the 
remotest aera, when contrasted with the white, soft, muddy limestones and incohe- 
rent sandstones which were originally formed at the same time in the tranquil basin 
of European Russia, must, indeed, be received as a convincing proof, that such 
a rocky crystalline character has been caused by the action of internal heat, which 
in the Ural and Siberia made its way to the surface in the form of varied plutonic 
eruptions. 

In explaining the different elevations by which the present outline of the Ural 
chain was elaborated, we consider the principal movement — that which twisted 
the strata and often inverted them — to have taken place after the formation of the 
carboniferous limestone. We have further shown, that, after the Permian strata 
had been deposited in horizontal positions on the edges of the older rocks, they 
were affected by newer lines of upheaval of much less intensity and extent, but 
perfectly parallel to the chief meridian chain. Lastly, we have proved, that since 
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then, and at an epoch comparatively recent, the central axis of these mountains, or 
at least its watershed, has been so modified, that all the rich and original masses of 
copper ore from which the arenaceous deposits on the west must have derived their 
cupriferous materials, are now shut out from all physical communication with them, 
and lie on the eastern flank of the Ural ridge. 

But although it has been thus demonstrated, that in a general sense (ftibject to 
great local deviations) these lines of disturbance, produced at different periods, 
have all, more or less, a meridian direction, such facts do not impugn the value 
of one of the leading speculations of M. Elie de Beaumont, — th*at relative direc- 
tions of great mountain chains are indicative of the age in which they were 
thrown up. No one can look at our general map without seeing, that it exhibits 
three grand natural features which support this portion of the theory of our emi- 
nent contemporary. Thus, the Scandinavian mountains, along which the older 
palaeozoic rocks only have been elevated, range from south-west to nprth-east. In 
the Ural, where the chief disturbances have taken place vfter the carboniferous 
and Permian deposits (neither of which formations exist in Scandinavia), the 
direction is north and south. And thirdly, in the Caucasus, in which no vestige 
of palaeozoic life has been detected, and where the mightiest upheavals have -tc • 
curred posterior to the oolite and the chalk, the range is distinctly from west- 
north-west to east-south-east. These data, therefore, as established by geological 
labours, compel us tb believe, that there is a connection between certain great 
lines of elevation of the earth’s surface and the periods at which they were 
produced. 

From the absence of all marine deposits of tertiary or recent age, eithej in their 
valleys or pn their immediate eastern flank, we feel confident, that the Ural 
Mountains and the adjacent regions of Siberia had been long above the waters 
and were the habitations of the mammoths and other great quadrupeds, before the 
gold alluvia were formed and the present watershed or Ural-tau was established. 
And whilst these portions of the earth were already terrestrial surfaces, it has beeti 
shown, that the whole of northern Germany and Russia must have been beneath 
the sea, under which the erratic blocks and gravel were transported from Scandi- 
navia and Lapland. 

If from these mighty oscillations in the north, we turn to the consideration of the 
southern and south-eastern limits of this great empire, how are we to accbunt^br 
the grand and equable elevations of large regions and the violent disturbance of all 
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the sedimentar}' deposits in the Caucasian chain, without explaining them in the 
same way as those of Russia and the Ural ? Yet, however analogous, the phseno- 
meua of the Caucasian chain, as just expressed, are very different in age from 
those of the north or the Ural Mountains. And as the eruptions, by which 
enormous masses of sedimentary and plutonic matter were heaved up to great 
heights, took place after the consolidation of the chalk ; might not, we ask, the 
raising up of so much solid matter have led to a great corresponding depression in 
an adjacent portion of the earth’s surface? May not, in short, some of the first 
upheavals of the 'mighty Caucasus have been the means of separating a wide tract 
from the ancient ocean, and of occasioning at the same time that vast depression 
in which the Aralo-Caspian beds were accumulated ? 

But if we thus hypothetically attempt to shadow out the cause of one of the many 
great changes which have taken place, it should be remembered, that, with the 
exception of spch passing allusions (including our speculations upon the transport 
of erratic superficial materials and the accumulation of the black earth), nothing 
involving the true history and classification of the successive formations of the 
earth’s crust, — nothing, in short, aflecting the great truths of inductive geology, — 
hafcbeen advanced, which <s not substantiated by ample proofs. 

In Russia and Scandinavia, the first pages of true geological history are, we have 
said, more clearly, legibly and largely defined than in any other region with which 
we are acquainted' ; and, in conclusion, we now refer our toaders to our second 
volume, which consisting of a detailed description of the fossil remains in each 
rock system, constitutes the chief justification of those leading inductions, by the 
accuracy jof which we are desirous of being judged. 

It would, indeed, be presumptuous did we pretend, that this work could be re- 
garded as a full and accurate monograph of the structural relations of the vast 
empire of Russia. But although years must elapse before such a consummation 
be attained, we ofier this outline to the public, in the hope that those who from 
their knowledge of the subject will be best aware of its imperfections, may approve 
of the efibrts we have made, to lay down and render permanent some additional 
foundation-stones of geological science. 

Finally, may we not say, that every effort made by man to read new lessons in 
the ancient book of nature has augmented his admiration of the works of the 


‘ In North America they are equally well defined. (See Introduction, Chapter I.) 



CONCLUSION. 


589 


Creator ? and when it is seen, that the true history of the changes which He has 
successively ordained in our planet, from the earliest days of animated nature to 
the present period, has been evolved by the comparatively recent labours of a few 
men of science, we may be permitted to rejoice in having formed a part of the 
zealous band whose researches after truth have developed so many new sources of 
natural knowledge, — sources, which at every onward step proclaim, in the lan- 
guage of the sublime Italian poet, 

“ La gloria di Colui che tutto muove 
Per Tuniverso penetra e risplende.” 
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Description of some characteristic Palaeozoic Corals of Russia. Bj W. Lonsdale^ F.G.S. 

Syringopora parallela, Fischer. 

Tubes slender, nearly parallel, closely fasciculated, rarely branched ; outer surface rugose, inner furrowed 
longitudinally; furrows exceeding twelve; connecting processes very short, unequally disposed ; internal, 
funnel-shaped plates very irregular ; medial pipe variable in position and form ; tehninal cup deep ; 
sides furrowed; intermediate ridges tuber cled; edge smooth, sharp, * 

Harmodites parallelus, Fischer de Waldheim, Oryctographie du Oouvemement de Moscou, p. IGl. 
pL 37. fig. 6. (Carboniferous limestone, Miatchkova near Moscow.) 

The specimen assigned to this species agreed with M. Fischer's excellent figure, and with his descrip- 
tion in all respects, except that the enlargement of the tubes at the insertion of the connecting processes 
was not a constant character. It agreed likewise very nearly with Goldfuss’s figure of Spring, reticulata 
(Petref. pi. 25. fig. 8. p. 76), an Olne fossil, which is stated by M. Fischer to occur also in the neigh- 
bourhood of Moscow ; and .\p considered by him to difiPer from Syring, parallela only in wanting the 
enlargements of the tubes (Oryc., p. 161). The author of these Notes not having been able to compare 
the Russian specimen, under consideration, with one from Olne, or with the fossils from other localities 
assigned to Syring, reticulata by numerous authorities, it has been deemed advisable not to give that 
specific name as a synonym. ^ 

The fine specimen of Syring, parallela which was examined, was about three inches in height and width, 
and one and a half in thickness. The tubes in their vertical range probably equalled that of the mass of 
the coral, though their diameter seldom exceeded a line. They diverged slightly from the base upwards, 
but were individually so nearly straight, that the adjacent tubes might be regarded as parallel. The inter- 
spaces were very small. The outer wall was seldom well-exhibited, but it possessed considerable relative 
thickness ; and the portions best preserved displayed clearly a very minutely porous structure, somewhat 
Kimilar to that of Tubiporu musica. The longitudinal furrows, first noticed in a published account of the 
genus, it is believed, by M. de Blainville (Man. d'Actinol. p, 354), were, as in other species, not often to 
be detected. Their exact number was not ascertained, but it exceeded twelve, a determiiyition neverthe- 
less of interest, in an attempt to assign a systematic position to the genus, and sufficient, it is conceived, 
to remove Byiingopbra from the femiUes Tubiporina or Halcyonina. Where best displayed, the furrows 
were rather less in breadth than the dividing ridges ; and the latter were so prominently tubercled^ J» 
give to perfect casts ^f fhe former a similar aspect. The funnel-shaped plates had generally airoblique 
upper ed|;e> and uwte extremely irregular in position as well as curvature, and apparently seldom ranged 
singly aibul^ialie tite at their superior extremity. . The medial pipe, when it oould be detected, was 

' ^ ' J. ft ^ 
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commonlj escentric, and its rangpe was occasionally marked by an earthy ferruginous stain. Nothing 
iMm nsrticed respecting the transverse processes, except that the pipe by which they were permeated re- 
sembled the one in the tubes, and was connected with it. Only the half of a terminal cup was observed, 
but its sharp edge and furrowed as well as tubercled ribs were excellently shown ; the bottom was formed 
of a portion of a curved plate, moulded against the ribbed side. 

No changes incident upon age were observed, the walls at the upper extremity of the tubes varying as 
much in tHickness as at the lower ; and there was not the least sign of external additions, by means of 
a mantle, the parallel tubes though occasionally almost in contact, for some distance, being yet uncon- 
nected by any layer of animal origin. 

In its general charapjers Syringopora presents so many affinities to Tubipora, that the earlier describers 
of the fossils belon^ng to it, were justified in placing them in that genus. This agreement has been 
more recently dwelt upon by Fischer, and alluded to by Prof. Goldfuss in making his separation, as well 
as by M. de Blainville and Dr. Milne Edwards (Lamarck, 2nd edit. vol. ii. p. 327); but it is inferred, 
from the characters already noticed, that Syringopora should be assigned to that division of Ehrenberg*8 
Zoocorallia which includes genera having more than eight tentacules or lamellse, and provided with an 
internal stony structure ; and in which that authority has placed the true Turbinoliae. 

Localities and Formations . — Perimishel, south of Kaluga ; Vitegra, Ilinsk on the Tchussovaya : Car- 
boniferous limestone. Odoyef near Lichvin : Upper Devonian } 

The latter specimen, two and a half inches in breadth, two in width, and one in height, consisted of 
closely aggregated tubes, which presented no perceptible differences from those of the carboniferous fossil ; 
but they diverged much more rapidly, and though parallel in some portions of the specimen, they exhibited 
^git irregularities of growth, dije apparently to external disturbing causes. 

^ Syringopora distans. 

Tubes not closely fasciculated, slightly bent; branches few\ connecting processes distant; funnel-shaped 
plates irregular ; medial pipe generally excentric. ^ 

Harmodites distans, Fischer de Waldheim, Oryct. de Moscou, p. 161. pi. 37. figs. 1, 2. (Arkhangelsky, 
ten versts from Moscow in alluvial marly sand.) 

M. Fischer considers the Russian coral to be identical with Goldfuss’s Syring. ramulosa from Olne 
(Petref. pi. 25. fig. 7. p. 76), but as the author of these Notes did not possess, in this case also, the 
means of Comparing specimens from the different localities, it was considered advisable only to allude to 
M. Fischer’s identification. 

The small fragment of Syring, distans which was examined, agreed generally with the slight though 
graphic figures in the ‘ Oryctographie * ; but it bore evident marks of friction, and afforded few facilities for 
ascertaining satisfactorily the structural details. The tubes differed from those of Syring, parallela in 
their greater relative dimensions, the average diameter being one and a half line, and in the strength of 
the outer walls, both of the tubes and the connecting processes, llie walls, so far as the characters could 
be ascertained, were externally smooth or very slightly traversed by lines of growth : the substance of 
which they were composed exhibited faintly a microscopic, reticulated structure, similar to that noticed 
in the memoranda on Syring, parallela ; and the cast of the interior indicated, in a few cases, the former 
existence of slight furrows. The disposition of the internal funnel-shaped plates was extremely irregular, 
as weU as the range of the medial tube, where it could be traced ; presenting in each case marked dif- 
fe^KB^firom*the uniformity delineated in figure 7 5 of Syring, ramulosa, (Petref. pi. 25.) The 
broken commencements of the connecting processes gave the tubes a very knotty aspect. Their cavities, 
at the points of issue, occupied by curved plates, diverging extensions of those in the 
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main stems ; but the chief part of the process appeared to be traversed, in the best-exposed case, by a 
simple pipe of considerable dimensions. • 

Locality and Formation. — Shidrova, River Vaga. Drift from the Carboniferous limestone. 
Syrinyopora. — In the cabinet of M. de Vemeuil is a specimen of Syringopora, resembling in its 
manner of growth and dimensions the preceding species, but with stronger indications of internal 
furrows. On account of the silicified mode of mineralization, its characters could not be satisfactorily 
ascertained. • 

Locality and Formation.-— lliiiBk, on the river Tchussovaya, west of the Ural Mountains. Carboniferous 
limestone. 

Catenipora lahyrinthica, Goldfuss- ^ 

Goldfuss, Petrefacta, p. 75. pi. 25. fig. 5. * 

Halysites lahyrinthica , Fischer de Waldheim, Oryc. Gouvem. Moacou, p. 164. pK 38. figs. 1, 2, 4. 
M. Fischer*s specimens were obtained from detritus in the neighbourhood of Moscow. 

In conformity with the suggestion of Dr. Milne Edwards, this genus is removed from the systematic posi- 
tions usually assigned to it ; but the number of furrows or incipient lamellae being clearly 12, it cannot 
be regarded as an " Alcyonien " (Lamarck, 2nd edit. ii. p. 322), and is therefore placed in these memo- 
randa next to Syringopora, and in the 3rd family of Ehrenberg^s Zoocorallia. * 

Localities and Formation. — Isle of Dago. Upper Silurian. Top of Lower Siluj-ian, at Naissi, in Lithuania. 

Cn^.TETEs, Fisclier. 

So greatly do the corals refcrrible to this genus re.*?emble Favosites (Calamopora), that all the authori- 
ties, except M. Fischer, by whom palaeozoic species have been described, have considered them as belong- 
ing to it. M. Fischer, in his summary of characters, observes, thrft Chaetetes is distinguished from Fav(>- 
sites (Calamopora) by the absence in the tubes of “ diaphragms,’' or transverse laminae. This statement 
probably originated from an examination of specimens of Chat, radians^ in which species the diaphragms 
are often very widely separate^l, and not unfrequently have been al nost altogether removed by decompo- 
sition. In this respect, therefore, Chaetetes does not differ from Favosites ; but it differs in the absence* 
of connecting foramina, as well as in other essential structural characters. (Oryctographie, &c.,p. 159.) 

When a specimen of Favosites, retaining in part the substance of the original coral, is vertically frac- 
tured, the walls of the adjacent columns separate readily, and the exposed surfaces are clearly shown to 
present the outer side by exhibiting the irregular lines of growth, and by the total absence of any 
attached fractured edges of diaphragms. At the re-entering angles formed by the meeting of the planes 
of two adjacent columns, there may likewise be generaUy traced an undisturbed line of separation. In 
those cases in which mineral matter has wholly replaced the original substance of the coral, and has also 
been moulded on its structural markings, the same tendency to divide along the outer side of the walls is 
retained, the exposed surfaces equally exhibiting the irregular lines of growth and the absence of frac- 
tured diaphragms. Care, however, must be taken in those species which, like Favosites alveolaris, have 
the connecting foramina on the angles, to detect the line of separation along that junction, as the strut!- 
tural inequalities are there often great, and the dividing seams in consequence concealed. Jn some cases 
also, an apparently perfect blending is produced by a projecting foramen being received within a corre- 
sponding opposite cavity. In all these instances, nevertheless, the exterior sides of the broad planes of 
the columns are easily parted, and their true nature may be clearly recognised. ^ ^ ^ 

On the contrary, in Chaetetes the walls of adjacent columns seem to be inseparable, or formed oTInti- 
mately united laminae. In extensive sections of Chat, radians^ having the interior of the tubes but slightly 
coated with infiltered matter, not a single instance was discovered of the outer side ot a wall. Many flat. 
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vertical planes were noticed, as well as re-entering angles formed by the junction of two walls, situated 
obliqiftly to the general surface of the specimen ; but in every case the flat plane or the re-entering angle 
could be traced upwards or downwards till it passed within the area of a tube, and therefore ascertained 
to be an inner portion of the same tube exposed by fracture ; or if this could not be efiected, a careful 
examination of the edges of the planes never failed to prove that they were rough, and that the uneven- 
ness was due to the remains of waUs which had projected from them, and had constituted inner sides of 
destroyed columns. In other specimens of the same species, retaining the original substance of the coral 
but having the tubes filled with calcareous spar, not a vestige of the outer surface of a wall could be dis- 
covered ; and in others, again, in which the animal structure had been replaced by infiltered matter, 
characters analogous to those of Favosites could in nowise be perceived. 

These differences are believed to be necessary results of the distinct mode by which additional columns 
were developed in*each genus. 

In Favosites the additional tubes dependent on the growth of the pol 3 rpe 8 originated, so far as the author 
is acquainted with the genus, either in gemmules deposited in interspaces or developed on the extreme 
margin of the parent polype. In either instance a perfect individuality immediately took place, and the 
young animal, which rapidly attained considerable lateral dimensions, constructed its tube without the 
area of the parent column, building up the walls unassisted by its neighbours. In almost every example 
the sides of the surrounding tubes are impressed by those of the interposed tube, indicating that the whole 
grew contemporaneously, and that the struggles for space of the vigorous, rapidly expanding young 
polype interfered with the outline of the walls of the full-grown animal, which necessarily possessed, on 
account of its lateral enlargement having ceased, no power to resist such encroachments. From the mode 

development having been thys wholly interstitial, it is inferred, that the exterior surfaces of adjacent 
Walls must naturally and easily separate. It is further inferred, that the polypes at the superior boundary 
of the coral mass had no common connexion, but were perfectly circumscribed and separated. 

The essential manner of developing additional tubes in Chsetetes was, however, by a subdivision within 
the area of the parent. On examining transverse sections (pi. A., fig. 9 a),rparticularly those in which the 
coral is but slightly coated with infiltered matter, a plate will be frequently seen projecting from one or 
more sides : and by extending the research, similar laminae will be found to range quite across, effecting 
either a simple subdivision into two areas, or a complex one into three or even four. These intersected 
spaces a]^e easily distinguished by the plates springing from sides and not angles. Again, in a vertical sec- 
tion of such specimens, thin, interrupted laminae will be readily detected, ranging perpendicularly within 
many of the tubes, lliey are not usually continuous for any distance, but they perfectly agree in their 
nature with the plates just noticed ; and the want of persistence may be rightly assigned to the perishable 
tendency of the coral. Cases, however, were observed of plates which extended without interruption, and 
probably from their first development, for more than an inch. In such examples the walls of the original 
tube ranged regularly upwards, but with a slight divergence, and the introduced lamina, at first not 
quite medial, gradually assumed that position. From this plan of producing additional tubes, it is pre- 
sumed that there could be no natural tendency in the component structure of the walls to divide into 
two plates, asF in Favosites ; and, further, that the polypes by which a mass of tubes was formed had a 
community of existence, and were united at the outer boundary of the coral in one animal layer. 

Based on these imperfectly explained structures, the following provisional generic characters are 



J polymorphouM ptjypidxm formed of tubes cUteely aggregated and traversed by diaphragms; walls inseparable; 
additional tubes produced by subdivisions within the area qf the parent tube, or by extensions qf the polype along the 
margin qf the coral mass. 
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To suggest grounds for specific distinctions in fossil corals of so simple a composition is extremely 
cult, especially when characters dependent upon the limits of growth have not been ascertained. I&o far, 
however, as the describer’s observations have extended, the distinctions in the arrangement of the dia- 
phragms afford apparently one means for inferring differential structures ; those variations implying, it 
is presumed, peculiarities in the form of the polypes. In the remarks upon Chat, radians it is shown, 
that the diaphragms are distributed in concentric or parallel bands, and often at considerable distances, 
the bands being composed of a single series of plates, or of a variable number of closely- situated lamina, 
whilst in the account of Chat. Petropolitanus it is explained, that the diaphragms are irregularly distri- 
buted over the whole area of a vertical section. In other fossils belonging to the genus, but not included 
in this notice, distinct peculiarities were observed. It is further suggested, that the characters exhibited 
by well-preserved terminal edges of the tubes might afford some aid in specific determinations ; a protected 
surface of Chat, radians, which presented probably a periodical renewal of growth, having the edges sur- 
mounted by a series of very prominent tubercles. 

The above remarks are not offered with the idea, that the characters alluded to could constitute alone 
specific distinctions ; but they are advanced with the hope, that they may assist in discovering essential 
structures. 

Figure 9 a in the Plate A., illustrative of the corals, exhibits the sub-divisional lamina mentioned in 
the remarks on the mode of producing additional tubes within the area of pre-existing. 

Chatetes radians, Fischer. 

Mass elliptical or semi-globose ; tubes divergent, polygonal; diaphragms in parallel bands variously composed ; 
superior edges of tubes generally even, sometimes tuberculated. (Plate^A., fig. 9.) 

Chatetes radians, Fischer, Oryc. de Moscou, p. 160. pi. 36. f. 6! (Miatchkova) ; Milne Edwards, 2rid 
edit. Lamarck, Anim. sans Vert., ii. p. 459. * 

This fine and apparently abundant coral is believed to differ from the carboniferous limestone fossils of 
England, referrible to the sane genus. One of the specimens eramined in preparing these memoranda, 
waj5 a portion of an irregularly elliptical mass, those measurements which might be termed the semi-axis 
major, or greatest altitude, and the semi-axis minor being respectively four and two and a half inches 
(fig. 9.). The tubes diverged rapidly in the direction of the latter line, but the curvature gradually 
decreased as they assumed an upward range, disappearing in the greater axis. The exterior o^ the spe- 
cimen presented considerable evenness nf surface, but a variable amount of curvature. The diameter of 
the tubes was about one-third of a line, but the length in some cases appeared to be equal to the altitude 
of the specimen. 

Perfect terminations to the tubes, or such as might be assumed to be perfect, were not noticed, the edges 
being either fractured and worn or in a state of development, presenting boldly-serrated or tuberculated 
margins. The mouths were more or less occupied by calcareous spar, according to the amount of infil- 
tered matter ; in some cases they were also partially or wholly crossed by the transverse lamina. 

The bands of diaphragms ranged nearly parallel to each other and to the surface of the specimens. 
The distance between them was generally from one and a half to two lines, and in some cases no distinct 
band could be detected in an interval of foui lines, but near the surface the distance did not exceed one 
line. In all cases, however, whether the bands were composed of a single series of plates forming a con- 
tinuous arched line, or of many plates more or less closely disposed, and attaining, it is believed, i^soiqe 
rare instances nearly an inch in thickness, there were well-defined, relatively broad intervals, in 
which it was rare to detect even a single isolated plate. The broadest bands which were noticed, were 
situated at the base of one specimen and near the circumference of another. * 
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The mode of deTeloping tube* witlun the erea of othen WM exhibited in ewy tnnmne end vertical 
(fig. 9 a), but no satisfactory information was obtained, whereby their commenoement eouM be con- 
nected with the production of the diaphragms, or separated from it. The polygonal form in these additional 
tubes was apparently produced by the gradual deposition of matter at the angles formed by the divisional 
plates with the walls from which they issued. In some few instances, a round pore, varying in diameter 
in different cases, was noticed in a thickened inten-al ; and it was considered to present a rudimentary 
state of i& interspacetial tube, developed by «n extension of the membrane connecting the polype mass. 

Localities and Formation Kaluga, and Vitegra, Borovitchi near Valdai. Carboniferous limestone. 


Cheetetes dilatalns, Fischer. 

c 

Incrusting ; tubes polygonal^ stnalU shorty vertical or inclined ; diaphragms not numerous ; superior termina- 
tion of tubes even, or tuberculated at the angles, and granulated on the edges, 

Chatetes dilatatus, Fischer de Waldheim, Oryc. de Moscou, p, 160. tab. 36. fig. 2. (Miatchkova). 
The coral believed to belong to this species, agreeing perfectly with M. Fischer's description, en- 
crusted a specimen of Chret. radians. It occupied a surface about two inches in width and one in breadth ; 
but its greatest altitude did not exceed a quarter of an inch. It was distinguished from the species on 
which it rested, by the relative fineness of the tubes, the diameter being about one-fourth of a line ; and 
by their generally unconformable position, particularly in the lower portion, 'rhe diaphragms, so far as 
they could be ascertained, were irregularly distributed in this specimen ; but in another fossil, from 
Miatchkova, considered to belong to the species, they were very numerous ; and the membrane, men- 
tioned by M. Fischer as surrounding the mouth, appeared to be an imperfect development of diaphragms. 
Iq.a sheltered position, a few pj:eserved terminations exhibited a bold tubercle at the angles, and a series 
d£ finer points along the edges ; but no weight, as a specific distinction, is placed upon this character. 
Divisional plates connected with the production of additional tubes were noticed. 

Localities and Formation. — Borovitchi ; Miatchkova. Carboniferous limestone. 

r* 

Chatetes Petropolitanus. 

Globular, hemispherical or inversely conical ; tubes polygonal, irregularly arranged; diaphragms not in hands 
hut unequally distributed throughout the tubes. (Plate A., fig. 10.) 

Favosi^es Petropolitana, Pander, Beitrage zur Geognosie des Russischen Reiches, p. 100-105. tab. 1. 
figs. 6. 7, 8, 9, 10 a, 10 5, 11. 1830. 

Calamopora fibrosa, Eicbwald, Syst^me Silurien de TEsthonie, p. 209. 1840. 

A careful examination of specimens agreeing with M. Pander's figures and general remarks, led to the 
inference, that they possessed all the essential generic characters of Cheetetes. 

M. Pander considers the globular, hemispherical and conical specimens described by him, as varieties 
of one species ; and, it is believed, that the differences which may be noticed internally, depend on the 
conditions under which the polypidom was developed. In a well-preserved hemispherical specimen, 
two inches in diameter and nine lines in the thickest part, the tubes did not radiate suddenly from the 
centre, but the lateral increase had been produced by the successive addition of marginal tubes, which 
sprung from the base, and slightly inclined outwards. The concave under-surface of the same specimen 
exhibited, besides concentric irregularities, the oblique lower terminations of the tubes arranged in a manner 
vjjyc^resembled radiating lines. In a conical specimen one and a quarter inch in height, and an inch 
in diameter at the upper (broad) extremity, the increase in width had also resulted from a similar mode 
of production : but all the tubes necessarily ranged vertically, and the conical surface exhibited also circu- 
lar irregularities, as vfell as terminations of the tubes, though less distinctly in that specimen than in 
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aiiother of the same form. A mass of a nearly globular shape, two and a half inches in one diameter, 
and three in the other, had the surface almost wholly weathered, and therefore exhibited no cle%r cha- 
racters; but internally, the arrangement of the tubes agreed with that of the hemispherical specimen. 

The original walls of the coral were, apparently, almost membranous, and liable under some conditions 
to irregpilar contractions, as well as considerable deviations in the line of growth ; but in the large, 
globular mass, such inequalities were far less conspicuous. 

The diaphragms, exposed in vertical sections, of all the varieties of form, were distributech over the 
whole surface, and without the least indication of grouping in bands. In the hemispherical (j)l. A., fig. 10) 
and conical specimens, which exliibited considerable irregularities in growth, the disposition of the dia- 
phragms was very unequal ; while in the large globular mass, a portion of which is represented by fig. 10 «, 
the plates, without observing any definite order, were uniformly distributed. In somd portions, however, 
of the other varieties the numoer of plates corresponded ; and the differences displayed, may, it is be- 
lieved, be rightly assigned to circumstances which affected the mode of growth or production of the 
poljqpes, and consequently modified the distribution of the diaphragms. 

With respect to the development of additional tubes within the area of those which pre-existed, it may 
be stated, that divisional laminae were noticed in transparent, vertical slices of the hemispherical and glo- 
bose varieties, though less distinctly in the latter than the former : and that while, in a similaf section of 
the conical specimen, they were not satisfactorily detected, a transverse slice exhibited cfearly divisional 
laminae, ranging from opposite planes. The whole of these specimens, moreover, proved clearly the 
powers which the polype mass possessed of extending laterally and producing marginal tubes. 

dhoitetes Petropolitanus having been considered identical with Favosiles (Chcctetcs) fibrosa, var, glohosa, 
of the Eifel, it is necessary to observe, that in vertical sections of a specimen of the latter fossil, which 
belonged to M. de Vemeuirs cabinet, perpendicular, divisional lamkiaB wittiin the tubes were noticed, afsip 
fragments of the original coral, exhibiting only interior surface- walls, similar to those oWA«/. radians ; 
and it was therefore inferred that the fossil ought to be removed from the genus Favosites. As regards 
the species, it may be stated, ^that the diaphragms were uuiformb* rare, without any signs of disturbed 
growth, llie height of the specimen was seven lines. 

Ch(Et. Petropolitanus is believed to be identical with a globose tubular coral which occurs in the Lower 
Silurian beds of Christiania Bay, Norway. 

Localities and Formation, — Nikolsk to Petropavlosk, on the river Volkof ; banks of the Siass river; 
ravines of Pulkovka and Popovka, sooth of St. Petersburgh ; jdateau of Czarskoe-eelo ; sea cliffs from 
Narva to Reval. Lower Silurian. 


Lithodendron. 

The Lithodendra of English fossil zoologists differ materially in structure from the corals typical of the 
subdivisions of the genus, as originally proposed by Schweigger (Beobachtungen, Syst. tab. VI.). As 
however those corals have been referred by approved authorities to other established genera, leaving 
Schweigger’s Lithodendron without a representative, and as the continental systematic zoologists who 
have adopted the genus, more or less in conformity with the original proposer's views, have*also included 
in it corals of great diversity of characters, it has been deemed correct in retaining the generic name, 
long applied by British geologists to peculiar mountain limestone polyparia, to adopt Prof. J. Phillips s 
characters, though they differ completely from those of Schweigger. , ^ 

Mr. Phillips's generic characters are, “cells concave with a prominent central umbo or axis; lamellv 
generally twisted or extinct near the centre." Geol. Yorshire, part ii. p. 202. 1836. 

• 4h 
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To this summary may be added the notice, that the coral is branched, the branches springing from 
germsedeveloped on the side of the parent stem and never resulting from a subdivision of the polype; 
that each stem and branch is traversed through its whole length by a single lameUiferous tube ; that the 
exterior of the coral was not thickened by a permanenUy investing mantle, adjacent ■urfiices only being 
partially united by the extension of a limited mantle ; and that the lamellm are simple, but bi>plated and 
numerous. 

By thekje characters and the internal structure, Lithodendron may be easily distinguished from (1) 
Oculina, (2) Dendrophyllia, (3) Caryophyllia and (4) Cladocora. From the first by the continuous, 
central, lameUiferous tube ; from the first and second by the absence of external thickenings arising from 
a permanently investing mantle ; firom Caryophyllia. as restricted by Ehrenberg, in the branches not re- 
sulting firom a subdivision of the polypes ; and from aU the four genera by the peculiar central diaphragms, 
inclined upwards i|gainst the axis, as noticed by Prof. PhiUips in his description of apedea, and repreaented 
in his illustrations of the genus, (Geol. Yorks., part ii, pL 2. figs. 17, 18.) 

lAthodendron costatum, sp. n. 

Stems closely clustered, cylindrical, strongly ribbed; lamella simple, variable ; interspaces crossed by arched 
and inclined plates ; central diaphragms sloped upwards, not arched ; axis spindle-shaped ; terminal 
cup deep, lamella not vfry prominent, unequal ; height of central boss less than depth of cup, 

b 


i 



Fig. a. rcpreient* the mode of branching, and of the occaaional union of branches or sienu. 
Fig, b. Vertical section magnified, to exhibit the genera] characters of the interior. 


This species is chiefly distinguished by the neat longitudinal ribs. The specimen examined was about 
two and*a half inches in width and one and a half in breadth, and contained parts of twenty-five closely 
aggregated stems. The height of the largest portion did not exceed three quarters of an inch, and its 
greatest diameter was three lines. Only two lateral shoots were noticed, and neither of them was in a 
position to permit the mode of connexion with the parent stem to be fully ascertained. The more favour- 
ably exposed case exhibited transverse sections of the main stem and of the lower extremity of the attached 
branch. At the junction there was no clear demarcation between the two, but a white, rather excentric 
line and an imperfect blending of lamellae. The other branch (fig. a), which was fuUy exposed, as 
respected position and mode of growth, exhibited from its divergence, a diameter equal to that of the 
main stem. A perfect transverse section of the connecting animal secretion, presented a repetition of the 
structure within the tube, or an outer extension, from each surface, of the lamellae, with intermediate 
plates, and at the junction there was a strong white line. 

An internal vertical section (fig. b) not quite through the centre displayed at the opposite edges an 
iffGgidur bahd of inclined, curved, or vesicular plates, bounded on each side by an unequal, but more 
solid layer. Within these bands, intersections of vertical lamellae were partially exhibited, but the greater 
portion of the area wpa traversed by the edges of up-tumed plates or diaphragms, sometimes single, more 
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frequently intermingled with subordinate though similar lamin®. A strong white line ranging not quite 
through the centre, and against which the up-tumed plates abutted, marked the position of the axis. In 
the description of Lithodendron concameraium, some further details respecting the internal structure of the 
genus will be found. 

Transverse sections of the stems gave very variable characters. At the circumference there were 
generally between the lamellae, one or more series of arched laminae intersections of the plates, men- 
tioned in the remarks on the vertical structure. The lamellae, alternately broad and narrow, varied 
considerably in their extension ; and the central area was likewise very unequal in dimensions, as well 
as in the number and in the curvature of the intersected diaphragms. The spindle-shaped axis was also 
not uniformly bold. 

Locality and Formation. — Perimishel, south of Kaluga. Carboniferous limestoife. • 

Lithodendron annulatum, sp. n. • 

Stems clustered, cylindrical, faintly ribbed, strongly but irregularly annulated, with subordinate, fine, waved 
lines; central diaphragms waved, upward inclination not great; axis oval. (Plate A., fig. 6.) 

Lithodendron annulatum attained probably considerable dimensions, though the largest specimen exa- 
mined had an altitude of only three inches, the diameter of the tubes being almost uniformly five lines. 
It is distinguished from other species, known to the describer, by its bold, rounded, but •unequal annular 
ridges, with subordinate fine lines, and by the waved contour of the central* plates (fig. 5 a). The only 
additional point of structural interest observed in this species was the proof, that the cementing layer 
between adjacent stems was secreted during the growth of the coral — the bold annular ridges being 
in some cases almost confluent, and the fine lines of growth being distinctly traceable from the surface 
of one stem across the connecting layer to the surface of the nexl. * 

Localities and Formation. — River Issetz, east of Ekaterinburg ; Ilinsk, n the Tchussoraya. Carboni- 
ferous limestone. » 

• Lithodendron concameraium, sp. n. 

Stems aggregated, cylindrical, slender, faintly ribbed, very rarely branched, occasionally united; lamclltc 
simple, equal in breadth ; interstitial plates arched; central diaphragms dome-shaped, more or less crossed 
by vertical lamina ; axis compressed, not persistent, formed of union of lamella ; walls without an inter- 
nal vesicular layer. ^ 

This curious coral dilFers in some respects from the ordinary forms of Lithodendron, yet it possesse?, 
all the essential elements of the genus. It is distinguished specifically by the dome -shaped diaphragms. 
The specimen examined, was three inches in height and one and a half in breadth and depth : it consisted 
of closely aggregated stems which had a nearly uniform diameter of two lines, and ranged upwards almost 
perpendicularly. The lateral connexions, so far as they could be ascertained, were few and of limited 
extent. Only one very imperfect fragment of a branch or sid^-shoot was observed. 

The outer wall, as exposed in vertical and transverse sections, was thin and without a trace of vesicular 
lining. The external ribs in a few protected stems were distinct and round, l^he lamellae, about twenty 
in number, sprung directly from the inner surface of the wall, and were simple in structflre and uniform 
in breadth in any single transverse section, but their characters varied according to the nature of the 
section and the state of preservation. The perfect diaphragm formed a complete dome with a slight 
spindle-shaped opening or impression in the centre. A well-preserved under surface lyas surrojin/led 
by a circle of narrow lamellae apparently perfect, as the edges presented an almost uniform, arched 
outline ; between these lamellae were the interstitial commencements of the diaphragms, and from their 
edges grooves ranged upwards for some distance towards the centre of tlxe domS, but there was not the 

4h2 
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slightest trace of even an attenuated extension of the lamellse in the gproovet. The centre of the dome 
was a uniform smooth surface, with only an impression of the apex of the axis. 

Xte^ superior surface of the diaphragms had. under all conditions, near its circumference, a series of 
radii of variable dimensions. In one case, which exhibited what was probably a portion of the upper side 
of an inner layer of the diaphragm, slightly raised lines were visible, agreeing in position with the fur- 
rows on the under surface of the dome, and the centre was smooth to a similar extent. The other half 
of the sai^e diaphragm had a distinct coating independent of an incrustation, and was traversed by sharp 
ridges which ranged to the verj' centre. In other cases these ridges were developed into prominent 
lamell®, which converged boldly from the inner side of the wall and terminating centrally, formed a 
I)rojecting boss or the axis. Some transverse sections exhibited an inner circle, in consequence of the 
removal of the middle bf a diaphragm and the exj)osing of subjacent lamellw. 

Whether the inter\"als between two successive diaphragms were fully intersected by lamellse- plates was 
not satisfactorily ascertained, as in the majority of vertical sections, W’hich exposed the interior of the 
stems, the structure had been very partially preser\xd. In one instance, however, a series of successive 
intervals so far retained their original characters as to lead to the inference, that the lamellae-plates wdiolly 
intersected those chambers with the exception of a relatively large aperture near the apex, lliis inference 
would apparently accord with the previously noticed smooth or unfurrowed surface of the central portion 
of the under side of the diaphragm. 

The axis exhibited very variable characters, but these differences were also chiefly due to the degree of 
presentation cither of it or of the surrounding laminae. Being essentially composed of a union of the latter 
(developed upw'ards to the under surface of the diaphragm), its distinctness or prominence, in a transverse 
section, depended on the fracture or the amount to w’hich it had been separated by weathering from the 
* environing plates. In some carfbs it dj^played a conical boss, in others it W'as apparently wanting. In 
vertical section^ it exhibited, where preserved, a compressed body ranging between the successive dia- 
phragms and surrounded by fractured edges of lamellae, sometimes almost inconspicuous, but sometimes 
extending outwards like the ornamental sculpturing of a pinnacle. It is inferred that the axis never 
j)enetrated the diaphragm, on account of the mode of production and the perfect dome-plate, before 
noticed, being only indented in the centre. 

Locality and Formation, — River Oceter, Government of Tula. Carboniferous limestone. 

, Lithodendron fasciculatum, J. Phillips. 

Stems cylindrical, nearly smooth, often united laterally; lamellcc simple, alternately broad and narrow ; central 
diaphragms highly inclined, curved ; axis spindle-shaped ; walls with an internal vesicular layer. 
Lithodendron fasciculatum, Phillips, Geol. Yorkshire, part ii. p. 202. plate 2. figs. 16. 17. 

Madrepora, Parkinson, Organic Remains, ii. p. 51. plate 6. fig. 8. 

It was deemed advisable not to quote the other authorities who have noticed rhift species, more than 
one coral being probably described under the same name. 

The Russian fossil assigned to Lithod. fasciculatum differed not essentially in any of its details from 
specimens obtained at Bristol, and identical with Parkinson's figure quoted by Prof. Phillips. 

Locality and Forniafion .^^Pi ver Tchussovaya, west fiank of Ural Mountains. Carboniferous limestone. 

Cladocora P sarmentosa, sp. n. 

Stetn^,^^ylindriQal, slender, fasciculated ; lamellcB simple, alternately broad and very narrow ; interstitial 
plates very irregular ; centre no axis, but blending oflamellm ; external wall thin, fine transverse ridges. 
This coral resembled externally and in mode of growth the Lithodendra of the carboniferous limestone, 
but it had no axis or upturned central diaphragms, nor were the adjacent stems in any way united. In 
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the simplicity of the internal structure, which admitted of no subdivisions into areas, there was an agree* 
ment with the Cladocora of Ehrenberg (e. g. Clad, lesvigata, Madrepora flexuosa, Solander a^d Ellis, 
plate 31* figs* 3, 6), also in the total absence of external thickenings as well as lateral junctions; 
there were, moreover, no signs of regular bifurcations of the stems ; but as the true mode of production 
of the lateral branches was not ascertained, it was considered correct to mark the generic determination 
as doubtful. 

Several fragments of this coral were examined, but they appeared to be, for the greater part, portions 
of one mass. The height and width of the principal specimen were about two inches. The stems, which 
were separated by slight intervals, were nearly cylindrical, slightly flexuose, and had an almost uniform 
diameter of two lines. 

The outer wall was exceedingly thin, and apparently had no decided vesicular Mning. Externally it 
was traversed by close, fine, annular ridges and stronger irregularities of growth, ^d partially decom- 
posed surfaces exhibited faint indications of vertical ribs. The lamellm, which sprung directly from the 
inner surface of the wall, were about thirty in number, and were alternately broad and very narrow, the 
former ranging with slight flexures to the centre. They appeared to have been simple in structure, but 
liable to fracture and decomposition, presenting in many cases considerable irregularities and occasionally 
indistinctness of outline. The interstitial plates displayed, in the best transverse sections, a aeries of fine 
arched lines, parallel to the wall and at a short distance from it ; other similar curves, but not forming a 
regular series, also appeared -nearer the centre. In vertical sections the •plates exhibited fine straight 
lines, though without any great uniformity of arrangement : they had evidently been very liable likewise 
to fracture and decomposition. 

The centre had no distinct axis, consisting merely of a union of the broader lamellae with occasionally 

an additional plate, ao if a lamella had divided. • • 

Only one very unsatisfactory instance of the base of a lateral stem was noticed. • 

Localitg and Formafma.— Kamensk, east of Ekaterinburg. Carboniferous limestone. 


• Columnaria sulcata, Goldfuss. 

Tubes sided : sides generally unequal; lamella alternately broad and narrow, sometimes straight and 

simple, sometimes irregularly curved and fasciculated, united in pairs at the periphery by curvatures; 
interspaces, numerous connecting plates ; eentre, union of broader lamella.no axis; outer wall unwea- 
thered, flat; weathered, crenulated; terminal cup very deep; young tubes interpolated laterMy. (Plate 

A., fig. 1.) 

Goldfuss, Petrefacta, p. 72. tab. 24. fig. 9. (Bcnsberg) ; De BlainwUe. Man. d’Act., p. 351 ; Milne Ed- 
wards, 2nd edit., Lamarck, Anim, sans Vert,., tom. ii. p. 343. . . . , 

So far as the Russian specimen could be compared with Goldfuss’s figures and description, no essential 
diflferences were noticed, and the only observed variation consisted in the occasionally megu ar rang. 
»d «mt«g of «.« Uooeto. With mp.ct to Goldfo-. «Uitioo.a temuk. « tho .poo,« (F g't t Zo- 

tto, p. 2^ hi. id»tiiyiog it trith "I ^ 

State, that, independent of internal structure, the reproductive process o o umnoria is 
of Cy«hoph,uL. „d if of the oo»l. 6go«d uod.t tho ■>»« of ''' 

hg. 1 0 i) othiblt th.t proo™. they rfiould he «p«.ted from both the .pec.e. »d the poo. 

The .^ood. fth eoLderiog to he dhSoet f„. Col«™, „ h .h.eh .t h^ 1,^ 

Ohited ^ M. de Bhooeill, (mL d’Actinol.. p. 050), ,m ho too»i « «» oo.ol.f ng ,»™g»p. of the 

““m ™ e,.^ei fo»ed ™ 
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about three inches square on the upper surface, and one and a half in thickness at the outer edge, the 
lower qprface being very uneven. The columns in general diverged slightly. Their form was very 
irregular, the relative dimensions in the sides of even the fully-developed being often extremely unequal. 
The diameter of the more regular, which had attained this state, averaged two and a half lines. 

In an endeavour to trace the mode of production of the young columns and their progress towards ma- 
turity, it is necessary to premise, that no instance was observed in the series of exposed transverse sec- 
tions of a kne indicating a fissiparous process, or of such an irregularity among the lamellee as would arise 
from the development of germs. The earliest signs of young columns existed in the occurrence of small 
intervals, irregular in form, but surrounded by facets of adjacent columns as perfect in their boundary struc- 
ture as were the facets of the other sides adjacent to which no intervals appeared (fig. 1,1a). The outline 
of these spaces was generally more or less curved, producing convexities in the planes of the adjacent 
columns, and where it was three-sided it resembled a spherical triangle. This character is conceived to 
be of importance ; for if the curvature had existed uniformly only on the facet of one of the older columns, 
it might have indicated a fissiparous separation from that column. It is believed, however, that the 
curves may he considered to have resulted from the struggles of the young polype on all sides for room ; 
and that it was therefore called into existence while the older polypes were constructing their tubes, and 
had not given them a sufficient solidity to resist the outer pressure. 

In th^ next st&te the intervals (which apparently arose from a decay of feebly-constructed solid parts) 
were occupied by lamelliferoiffe tubes (fig. 1, 1 a), agreeing perfectly in character with the mature columns, 
except that the number of lamellae was much smaller, and that the sides were considerably curved. Be- 
tween this state and the fully-developed no other changes necessarily api)eared than an increase in the 
number of the lamellae and a tendency to produce, for the greater part, straight walls. 

perfect vertical exterior of *the coiiumns was not exposed, but in transverse sections a nearly even 
line traversed th j middle of the comparatively thick opake layer, which intervened between the adjacent 
stellated lamellae (fig. 1 a) ; proving clearly, that the walls were separable, and resulted from the labours 
of individual polypes. The outer characters so excellently given in Prof. ^Goldfuss's figures, 9 a to 9 c, 
plate 24. (Petref.), were also well exhibited in weathered or decayed portions, and clearly shown to be 
due to the removal of the exterior and the preservation of the arched union of pairs of the lamellae. 

The only perfect terminal cups which were preserved, were seated below the surface and within the 
specimen, having belonged to polypes prematurely killed, and overarched by the lateral extension of other 
columns. *They were deep and elliptical in outline (figs, lb, 1 c), and totally unlike those of the coral 
represented in plate 19, fig. 1 a of the ‘ Petrefucta Musei Bonnensis.* They were lined by regularly 
curved, slightly projecting lamellae, the alternate narrower plates descending also nearly to the bottom. 
No central boss was exhibited. 

Locality and Formation, — Habsal, near Reval. Lower Silurian. 

Lithobtbotion, Lhwyd. 

This name was originally proposed by Lhwyd (Ichnographia, 1699) for a coral figured in the 23rd 
plate of his work, and designated ** Lithostrotion sive Basaltes minimus striatus et stellatus.” It was 
apparently first adopted as a systematic generic appellation by Dr. Fleming, in his * History of Bfitish 
Animals* (p. 508, 1828); and it has been subsequently retained by other authorities, but without any 
great precision, respecting essential characters. In a notice on a genus for which the designation of 
Stylatitr&ea is 'suggested, will be found reasons for concluding, that Lhwyd’s fossil (Lithost. striatum ? 
Brit. Anim. p. 508) possesses characters so perfectly different from those of Dr. Fleming’s Lithost, flori- 
forme, as to render thq establishment of a distinct genus necessary. At first it appeared advisable to 
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retain Lhwyd's name for hie own coral, and to apply the new one to Lithost. floriforme ; but us the 
former fossil is little known, and has probably been mistaken, in some cases, for other fossils similar 
general aspect, yet very different structure, and as Lithost, floriforme is a well-known, strongly marked 
coral and excellently figured by Martin in his ‘ Petrificata Derbiensia' (pi. 43, 1809 ), though without an 
available name, it was subsequently deemed correct to apply the new term to the obscure fossil, and the 
old term to the one which was well known, and by which geologists have been accustomed to desig- 
nate it. 0 

The characters by which it is proposed to distinguish Lithostrotion from other lamelliferous Anthozoa 
are the following. 

A coral composed of stems generally coadunated ; interior of stems separable into three differently cow- 
Mtructed areas \ 1, a central axis ; 2, an inner zone composed of vertical lamella; outer zone formed 

partly of lamella but chiefly of variously arched or vesicular plates : the mode of reproduction was by germs 
developed within the area of the parent stem, or without it by an occasional extension of the polype. 

The specific characters depend upon the difference in the structural details of the three areas. 

By the above descriptive notice, Lithostrotion, it is presumed, will be readily distinguished from the 
uni-areal and non-proliferous Columnaria, to wliich it has been united by some authors ; from the bi-areal 
though proliferous Cyathophyllum ; and from the uni-areal, subdividing polype, Astrea, with both of 
which it has been also identified. • 

Lithostrotion emar datum. * 

Columns irregularly polygonal, outer surface rarely exposed, inner broadly ribbed ; axis elliptical, detachable ; 
inner zone bounded outwardly by arched plates, lamella generally of equal breadth; outer zone very 
vesicular, plates broad slightly convex, not highly inclined, very partially traversed by extensions of 
lamella ; terminal cup not deep ; boss slightly prominent suf rounded by a depressed area ; inner zone 
nearly flat, lamella distinct, simple ; band of outer area highly inclined towards the exterior cinum- 
ference, vesicular plates broad, slightly convex. 



Fig. a. Trantverte aectioii, upper surface. 

Fig. b. Transverse section, under surface. 

Fig, r. Magnified portion of under surface to exhibit the characters of the lamellae. , 

Fig. d. Vortical section, magnified, to show the internal structure of the axis, and the connexion with the inner sone. 

Fig. c. Vertical section, magnified, to exhibit the perpendicular external and transverse internal characters of the axis, and the natun* o! the inU-r 
stitial plates between the lamellie, also the connexion of the inner with the vesicular or outer sonc. 

Fig. /. An immature column at * within the area of the parent column ; the continuqps boundary of the latter mhy be easily traced. 
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Astrea emarciata, Fischer, Oryc. Gouvern. de Moscou. pi. 31. fig. 5. p. 154. (Limestone of Tessovo.) 

One the specimens from which the preceding characters were obtained, had on a label, affixed to it in 
Russia, “ Astrea emarciata/' and it is therefore presumed that the determination must be correct, though 
the agreement with M. Fischer’s figure was not perfect. It is necessary however to state, that the 
Russian carboniferous coral cannot be considered identical with the original Astrea emardata from the 
tertiary strata of Grignon, although Lamarck's descriptive notice is reprinted in the ‘ Oryctographie.' 
(Anim. sa^? Vert. 2nd edit. ii. p. 417. No. 29. Oryc. p. 154.) As the specific name appears to be well- 
known in Russia, it is nevertheless deemed correct to retain it, and the generic^ being altered, it is trusted 
no confusion will arise. 

Between Lithost, emarciaium and the English carboniferous fossil LithosU floriforme, the following dif- 
ferences may be observed. In transverse sections of the Russian coral, parallel to the upper surface (fig. a), 
the principal vertical lamellae have uniformly a very limited range in the outer zone ; whereas, in similar 
sections of the British species, they extend almost constantly to the polygonal periphery ; in Lithost, 
emarciatuniy again, secondary or intermediate lamellae are nearly wanting, or rudimentary, but in Lithost, 
floriforme they are well-developed, alternating in the outer zone, for the greater part, regularly with the 
primary lamellae, even to the very walls of the columns. Other distinctions consist in the greater 
width of th^ vesicular plates in the Russian coral, consequent on the small range of the lamellae ; and in 
the number of truncated edges being much less, on account of the plates being less inclined. 

The specimens of Lithost, \marciatum which were examined, consisted of slightly radiating columns of 
variable dimensions, and apparQntly not separable mechanically. The width of the largest mass was four 
and a half inches, and the altitude three inches. Another specimen presented continuous columns three 
and a half inches in height, with a nearly uniform width of six lines. The greatest observed diameter 
wa^ about nine lines. Vertical ^ection%of many contiguous columns, exhibited, on account of the inter- 
stices between the laminae of the original coral not having been filled with mineral matter, very irregular 
surfaces, formed for the greater part of congeries of curved plates, belonging to the outer zone, variously 
united and inclined upwards ; here and there was likewise a flat, vertical surface, ribbed and crossed by 
edges of fractured vesicular plates, presenting the inner surface of a wall ; and occasionally, but more 
rarely, there was a reticulated semi-cylindrical indentation, flanked on each side by narrow flat perpen- 
dicular planes, which were traversed by nearly horizontal lines, the whole representing different, vertical 
sections of the inner zone ; in some cases again the indentation was replaced by a convex body variously 
traversed by lines, and exhibited an axis half separated from the surrounding structures. A transverse 
section parallel to the upper surface is shown in figure a, and to the under surface in figure 5, the triple 
composition of the column being perfectly displayed in both, 

A few remarks must be offered on structural details, 

(1.) Transverse sections of the axis presented very variable characters, but the composition of this 
central area consisted of vertical, waved plates (fig. d), which converged, more or less regularly, towards 
a medial line (fig. e), and were united by highly inclined laminae ; the whole being encompass^ by a thin 
wall, and forming a persistent elliptical body. No very satisfactory proofs were obtained of any connexion 
between the vertical plates and the lamellae of the surrounding zone ; but some of the attenuated edges of 
the latter abutted against the wall, as well as nearly all the inner extremities of the interstitial, horizontal 
plates (fig. e). The general characters of the interior of the axis, and the mode of union with the lamelli- 
ferous zone, are given in figure (d) ; and the reader is requested to compare the persistent structure with 
the cone-in-cose, or non-persistent composition of the axis of Lithost. mammillare (fig. 5, p. 606), as af- 
fording a valuable example of the assistance which this portion of the coral may yield in specific determi- 
nations. A further illustration is noticed in the description of Lithost. astroides (fig. 5, p. 607). 
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(2.) The lamellse of the inner zone had, apparently, a continuous, vertical range throughout the column. 
For a short distance from the axis, each consisted of a single plate (figs, h, c), and then swelling out 
more or less abruptly divided into two layers, the outer pairs of which were united at the circumArence 
of the zone by curved extensions. In some few instances, very narrow, secondary or intermediate la- 
mellae occurred, formed also of two layers, similarly connected to the proximate broad plates. Without 
the regular limits of this inner zone, fiuctured surfaces often exhibited curved edges between partial 
lamellae, both being intersections of the component parts of the exterior area (figs, a, c). The interstitial 
laminae of the inner zone (figs. <f, e). though in general more or less waved, were, for the greater part, 
horizontally arranged, but they were sometimes highly inclined, and the variations in their position pro- 
duced a great irregularity of character in transverse fractures. 

(3.) The arched or vaulted plates, which composed the outer area, sprung fronvthe lamelliferous zone 
in a somewhat similar manner to the acanthus leaves of a Corinthian capital ; but they were variously 
united and reticulated in their range towards the periphery. On the under surface (fig. ^ they were more or 
less distinctly traversed by faint grooves and intermediate slightly convex bands; the former being prolonged 
indications of the fine divisional spaces between the two plates of the lamellae ; and the latter, of the arches 
by which the opposite plates were united. The upper surface (figs, a,/) of these bladder-like or vesicular 
laminae was almost invariably so concealed by a coating of crystallized carbonate of lime, that minor struc- 
tural details were not ascertainable. The vertically discontinuous lamellae, by which they were more or less 
traversed, were curved on the upper or free edge, resembling segments of cirqjes ; and their range towards 
the periphery of the column was generally very limited, though in some few instances equal to the whole 
breadth of the area. They sprung, apparently with rare exceptions, from the narrow interval between 
the subdivided plates of the primary lamellae ; and were probably connected with them, vertical sections 
of the inner zone exhibiting only outer sides of the plates, crossed by fractured edges of the interstitial 
laminae. * 

1 he single terminal cup which was examined, was seated within the body of the largest specimen, 
and completely over-arched by the growth of other columns. It required no particular observation. 

The whole of the lamellae cfnd plates forming the internal structure of the coral, as well as the walls, 
were apparently imperforated. 

Cases of young columns springing within the area of those fully developed, were sufficiently numerous 
to prove the essential mode of reproduction, and an illustrative example is given in fig. /, at the part 
marked with an asterisk. English specimens of Lithost.floriforme^ which permitted polished sections 
to be made, exhibited every stage of development from the germ with an imperfect boundary, and 
scarcely a trace of lamellae, through all the intermediate gradations to the perfect, fully constructed 
column with distinct solid walls. The germs always appeared among the vesicular plates near the inner 
margin of the parent column, but not in immediate connexion with the wall, and the rudimentary lumella[^, 
converging from an imperfect periphery, could not be referred, even in part, to the lamellae of the old 
column. This statement is necessary to prevent the suspicion that the young columns of Lithostrotion 
were produced by a subdivision of the parent polype, as in the true Astreae of Ehrenberg. 

In the specimens of Lithost. emarciatum, examined by the describer, no cases were observed of inter- 
polated columns, produced by an extension of the germ-bearing portion of the polype, oVer an interval 
arising from accident or irregular growth in the coral. 

Locality and Formafroa.— Borovitchi, near Valdai. Carboniferous limestone. 
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Lithostrotion mammllare. 

Cohof^ irregularly aggregated; axis cylindricalt formed of twisted, conical, separable plates; inner 
sane narrow; outer zone broad, arched plates highly inclined, wholly traversed on the upper surface 
by vertically discontinuous lamella; inner surface of walls strongly ribbed; terminal star, boss pro- 
minent, spirally twisted; surrounding, depressed area deep, lined by the lamella of the inner zone ; upper 
band or outer zone broad, more or less inclined, crossed by numerous lamella; boundary between the 
stare projecting, sharp, crenulated. 



Fig. a. Terminal perfect lurfMC, natural atse. ^ 

Fig. b. Vertical section exhibiting the peculiar characters of the axis, natural sise. 


Astrea mammillaris, Fischer de Waldheim, Oryc. Gouvem. de Moscou, p. 154. pi. 81. figs. 2, 3. (Lime- 
s^ne of Tessovo ; siliceous nodhles Moscow.) 

This speciesais distinguished from the other three, described in these memoranda, by the peculiar cha- 
racters of the cone-in-cone plates of the axis ; from Lithost. emarciatum, it differs in addition to that 
marked structure in the vaulted plates of the outer zone being almost wholly traversed by lamelliferous 
laminae ; and from Lithost, astroides, by the great amount, in that species, of complicated reticulations 
and blendings of the three areas, whereby great care is required in detecting the existence of each. 

The only specimen examined was a siliceous cast, three and a half inches wide, three broad, and one 
and a half thick ; and it apparently formed part of a circular mass, the columns radiating rapidly from 
the thickfist side. The upper surface consisted wholly of terminal stars, well-preserved, but irregularly 
grouped, and it indicated considerable inequalities of growth (fig. a). The siliceous mode of preservation 
did not permit the structural details to be fully ascertamed. 

(1.) The axis (fig. b) sometimes presented in fractured surfaces, a persistent cylindrical body, similar 
to that of Lithost, emarciatum, but there was constantly at the lower extremity a conical indentation, as 
well as a total absence of all traces of a reticulated structure. These hollows were exhibited on the 
under surfiu^ of every transversely fractured column, and presented casts of conically-twisted plates, 
which appeared to be easily separated, and altogether unconnected vertically by intermediate laminae. 

(2.) Hie narrow, inner zone was not so preserved, that its characters could be well ascertained ; and 
there were in^catioas of a much greater intermingling of its component parts with those of the outer 
area, than in Lithost. emarciatum. That it formed in the original condition of the coral a distinct struc- 
tural division, was nevertheless evident from smooth semicylindrical casts on the inner side of the external 
zone (fig. 5),*and from the occurrence, in one case, of a perfect cylindrical cavity surrounding the axis. 
The lamellse were apparently thin, and of uniform breadth ; and the interstices presented casts of curved 
transverse or connectyig plates. 



APPENDIX A. (LONSDALE ON CORALS.) 


607 


(3.) The vaulted lamine of the outer area generally sprang upwards for a short distance almost verti- 
cally, and then curved more or less rapidly towards the external wall (fig. 6). They appeared to be, in 
tome cases at least, prolonged expansions of the interstitial curved plates belonging to the inne# zone. 
On the under surface they exhibited no distinctive characters except numerous subdivisions near the base, 
due to the above-noticed structural connexions, and the consequent appearance of intersecting edges of 
lamellm. On the upper surface they were, in all observed cases, traversed by slightly projecting lamellse- 
like ridges of unequal strength. 

Hie characters of the terminal cups are excellently given in M. Fischer's figure 3, plate 31. (Oryct.) 

No decided cases of gemmuliferous reproductions within the area of mature columns were noticed ; 
but there were several instances of small columns projecting irregularly above the general surface, and in 
positions which rendered it difiUcult to imagine, that in a still smaller or younger* st|te, they could have 
been included within the area of the adjacent mature columns. Similar developments are very common 
in English specimens of Lithost, floriforme, and in the remarks on the Russian coral (t- 610) believed to 
belong to that species, a notice will be found of an irregular cluster of small columns united by a layer 
representing a membranous expansion of the polypes. 

Locality and Formation. — Priksha (Valdai), Government of Novogorod. Carboniferous limestone. 

Lithostrotion astroides, sp. n. 

Columns irregularly aggregated; axis not separable, no boundary wall, formed of plates conically united; inner 
zone narrow; lamella alternately broad and rudimentary, united at the periphery by arched extensions; 
interstitial plates numerous, horizontal, connected with lamina composing the axis ; outer zone arched, 
vesicular plates intersected throughout by attenuated lamella ; walls broadly ribbed; terminal star, boss 
prominent, spirally twisted, connected at base with interstitial j^lates p surrounding depression traversed 
by lamella of inner zone ; upper band or outer area more or less inclined, wholly crossed by lamelliferoy^s 
plates with numerous small convex lamina. 



Fig. o repwienti a weathered porticm of the coral, natural aiie. 

Fig. b exhibit* part of the interior free from matrix, natural aiw. 

Fig. e. Magnified portion of inner wne from near the aiteriak in fig. b. 
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to a certam extent with that of the axis of the same species ; but in all the details of differential structure 
Litkos^, was well distinguished from the three otiier Russian corals belonging to the genus. 

The only specimen examined was a silicified, irregular mass, three and a half inches in height and 
three in breadth and depth. It consisted wholly of somewhat confusedly aggregated columns, averaging, 
in terminal stars, seven lines in diameter: and though it was so completely charged with silex for half 
an inch from the surface that no characters could be clearly traced, yet the interior was so free from 
infiltered jnineral matter, that all the solid framework of the original coral was fully exposed (fig. (). 

(1.) The axis (fig. d) was completely united structurally with the inner zone, not merelj by being es- 
sentially composed of expansions of interstitial plates, but by vertical extensions also of the lamellse, which 
connected perpendicularly the successive, conical, twisted laminae. It therefore could not be exhibited 
naturaUy or in a fracture as a distinct body, in the same way as in Lithost. emarciatumt JL. mammillare, or 
L, fioriforme\ nor could the conical laminae be clearly detached from each other as in the second of those 
species. The characters exhibited by the axis varied with different periods of development. In one 
state it presented only a medial plate with slightly twisted, spiral extensions of lamellae, but in another 
of a broad semi-conical lamina on each side the medial line, forming a perfect cap and concealing all other 
component parts. 

(2.) The^ inner zone with the axis united as one body was well shown in a weathered surface (f fig. fl), 
presenting a long cylinder, fianked by a diverging, feather-like structure. No such separation was clearly 
exhibited in the fractured interior of the specimen which retained perfectly the characters of the original 
coral, but the commencement of the transverse perpendicular laminae (f fig. h) marked the boundaries 
of the two areas. The cylinder consisted of a conically-twisted centre, the axis, with radiating lamellse 
which were united within the zone horizontally and obliquely by the interstitial plates, and at the peri- 
phery by vertically connecting sfiched ^f^minse. 

(3.) The outgr zone differed in characters from that of the other species included in these notices by 
being traversed completely by perpendicularly persistent, thin lamellse ; and in the arched, highly inclined, 
diverging plates being not merely very narrow, on account of their thorough intersection, but individually 
of very limited range, resembling the small vesicular laminse in the outer area of Cyathophyllum and 
other genera (* fig. h). 

One instance of a young column considerably advanced towards maturity was observed within the area 
of an old column. 

Localities and Formation. — Pinega (sixty versts west) ; Carboniferous limestone. Tchussovaya banks, 
above Ust-Koiva ; Carboniferous limestone. The latter specimen was a very imperfect siliceous cast, 
which did not permit its characters to be clearly ascertaiaed, but it was believed to belong to this species. 

Lithostrotion flori/orme, Fleming. 

Columns irregularly aggregated; axis cylindrical, spirally twisted, detachable; inner zone, breadth mallf 
lamella alternately broad and narrow ; interstitial plates horizontal or inclined ; outer zone, vesicular 
lamina broad, highly inclined, traversed on the upper surface only by lamelli/erous plates extending to 
the periphery ; outer wall in general broadly ribbed, sometimes broadly furrowed; terminal cup deep ; 
boss promtnetU, ^irally twisted; surrounding depression lined by lamella of inner zone; band of outer 
area more or less inclined; vesicular plates broad, crossed wholly by sharp, vertical, unequally pro- 
jecting lamina; boundary ridges prominent, crenulated. 
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Fig. a. General character of the upper surface, natural size. ^ 

Fig. b» Vertical section, natural size, to show the characters of the axis, and inner and outer zones, as well a# the mode of union. 

Fig. c. Portion of the same magnified. 

• 

Erimatolithus madreporites (flori/ormia), Martin, Petrificata Derbiensia, pi. 43 . figs. 3 , 4 ; pi. 44 . fig. 5 . 
1809. 

Lithostrotionfioriforme, Fleming, British Animals, p. 508, 1828; Morris. Catalogue of British Fossils, 
p. 40, 1843. 

ColunuMria fioriformis, De Blainville, Manuel d’Actinologie, p. 350, 1834 ; Milne Edwards, 2 nd edit. 
Lamarck, Animaux sans Vertebras, ii. p. 343, 1836. * 

* m 

Cyathophyllum florifgrme, J. Phillips, Geology of Yorkshire, part ii. p. 202, 183G. 

The coral under consideration resembled Lithost. emarciatum in the structure of the axis, but it differed 
from that species in the lamellsB of the inner zone being in all mature columns alternately broad and 
narrow, and in the vesicular plates of the outer zone being uniformly qiuch more inclined, and traversed, 
not partially by lamelliferous larnin® resembling segments of circles, but wholly by fine layers produced 
to the outer walls of the columns. Between the Russian fossil and the English Lit Host, fioriforme no 
essential differences were detected, though two specimens of the former were compared with a tolerably 
good series of the latter. * 

The height of the larger Russian specimen was three inches and three quarters, the breadth two, and 
the depth one and three quarters. The columns were small, the diameter of the greatest being five lines, 
but in some English specimens the average dimensions were about the same. The upward line of growth 
was very irregular, and not unfrequently twisted (fig. h)\ and at the superior termination there were occa- 
sionally between the lamelliferous columns small, depressed intervals, not bladder-like, but lined by a thin 
rugose layer, which had been deposited apparently by a membranous extension of the adjacent polypes. 
Similar irregularities in growth and in upper terminal surfaces occur in British specimens of Lithost, flo- 
riforme, 

(1.) The axis was sometimes partially displayed to the extent of nine and ten lines. It presented (fig. b) 
a twisted, narrow cylinder, not indented or cupped at the lower end as in Lithost, mammillare, but traversed 
by an even or nearly flat surface, composed of variously reticulated plates, as in Lithost, emarciatum. In 
this and all other characters, the axis of Lithost, fioriforme agreed with that of Lithost, emarciatum, 

( 2 .) The characteristic distinction in a transverse section of the inner zone was the interpolation, near 
the periphery, of narrow lamellae, with more or less numerous, connecting straight or arched plates, giving 
to the transverse section an amount of complicated structure, not possessed by the three species believed 
to be at present peculiar to Russia. In this respect, again, there is a perfect agreement with English spe- 
cimens of Lithost, fioriforme, * 

( 3 .) The laminup composing the outer area sprang directly, in broad plates, from the side of the inner 
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(fig. c). without, apparently, any of the interaeotions or aubdivinona at the baae mentioned in the 
deaeription of IMhott. nuimmillart. The platea aometimea extended to the wall of the column in a aingle 
curve, but more often there was an intermingling of minor archea. The under auiftoe exhiUted no regular 
furrowa or flattened ribs. The laminse, which traveraed the upper aur&ce, were {uolongationa of the 
lomAli- of the inner zone. In some cases they filled up, in a vertical section, the whole area of the 
bladder-like spaces, but more frequently their dimensions were limited to a series of fine crests or la- 
mellsB edge^. Similar structures occur in British Litkoat. florifomt. 

The tenninal stars not rarely exhibited a pseudo-proliferous character, in consequence of the uppermost 
series of arched plates having been in part accidentally removed or not fully developed (fig. a). This cha- 
racter was also sometimes strengthened by the irregular depressions or interspaces between the columns 
before alluded to. ^ * 

Cases of what were believed to be young columns, which had arisen from germs developed within the 
area of others, were noticed ; but the great irregularities in the grouping of the former lead to the infer- 
ence, that they frequently originated in an extension of the polypes over intervals due to unequal growth 
or accident. An instance was observed of three small columns, and part of a side of an old one, united in 
the middle by a thin triangular layer, which, on account of the arrangement of the rugose lines of depo- 
sition, had clearly resulted from the labours of three of the polypes. With respect to this assigned mode 
of production, it ^ necessary to state, that in the many English specimens of Lit host, floriforme examined 
by the describer, not an instance occurred of a mature column totally studded over by young columns, 
and consequently of a parent smothered by its own progeny, though such appears to have been the case in 
some species of Cyathophyllum. On the contrary, the incipient columns always appeared near the inner 
margin, and thus left ample space for the upward growth of the old polype. Examples may possibly be 
• discevered of terminal stars entiraiy occ^ied by the bases of small columns, but it is presumed that the 
extremities of th^ latter will be found to rest on the component structures of the old star, and not to 
spring from within them ; and, consequently, that the superimposed columns originated in partial ex- 
tensions over a prematurely destroyed polype. 

Locality and Formation. — Borovitcbi, near Valdai. Carboniferous limestone. 

Favosites alveolaris, Goldfuss. 

Calamopora alveolaris^ Goldf. Petref. p. 77. pL 26. fig. 1. Favosites, Corrigenda, p. 245. 1826-1833. 
Favosites^, alveolaris, De Blainville, Man. d'Actinologie, p. 402. 1830-1834. Silurian System, part ii. 
p. 681 ; pi. 15 bis. figs. 1, 2. 1839. 

In Mr. Murchison’s Isle of Dago collection, was a cylindrical specimen of this coral, eighteen inches in 
length and five in its greatest diameter. It differed in none of its structural details from M. Goldfuss's 
excellent figures, except that the average width of the tubes at the outer surface of the specimen was 
rather less than a line, or about one-half of that of the unmagnified figure (1 a) in the Petrefacta (pi. 26), 
but the dimensions agreed very nearly with those of the fossil given in Mr. Murchison's ‘ Silurian System' 
(pi. 15 bis. fig. 2), There was, however, a difference, in an apparent total absence of the papillee on 
the inner walls of the columns, represented by Professor Goldfuss. 

Localities an^ FomMtion , — Isle of Dago, Petropavlosk and Volshanka River (North Ural). Upper 
Silurian. 

Favosites polymorpha, Goldfuss. 

Cal. polymorpha, Goldf., pi. 27 and 28, pp. 79, 245 ; Silurian System, part ii. p. 684. pi. 15. fig. 2. 1839. 

In the notice on tlfls species in Mr. Murchison's work, all the Favosites consisting of cylindrical 
branches, and wanting t^e peculiar vertical ridge within the tube, characteristic of the fossil figured under 
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the nan^e of Calamepora (FavoiHeg) tpongitei by Ooldfuss (Petxef. pi. 28. fig. 1), were referred to Favo- 
$it €9 (Ckdamopora) polymorpha, though some of them were included by that authority in the species 
spongites. The alteration, nevertheless, appeared to be justified by M. Goldfuss’s own remark, that 
the corals are perhaps only varieties. 

The fossil from Katchukof, assigned in this instance to Fav. polymorpha, and probably the one from 
the Ural Chain east of Alatau, agreed closely with the Silurian specimen figured in pi. 15. of Mr. Mur- 
chison’s work ; but the coral from the lake of Petropavlofsk resembled, in the greater thic|]pes8 of its 
walls, more nearly the Devonshire (Devonian) variety. 

Localities and Formations, — Katchukof, on the Upper Belaia and Uziansk Zavod, in the South Ural 
Chain; Silurian. East of Alatau, South Ural; Devonian >? Banks of the lake of Petropavlofsk sixty 
versts north-west from the Works of Bogoslofsk, North Ural ; Upper Silurian ? * • 

Michelinia concinna, sp. n. • 

Columns irregularly polygonal, more or less rounded internally; central plates numerous, transverse, broad, 
slightly convex or concave ; walls variously constructed, perforated; terminal cells lined with vesicular 
plates, (PI. A. fig. 3.) 

Of this coral, two specimens, both from a locality five versts east of Ust-Koiva, were examined. One of 
them, a thin layer, about two inches in width and one and a quarter in breadth, exhibited transverse sec- 
tions of the interior of the columns ; and the central plates, when viewed oq the upper surface, resembled 
those of Michelinia ten%isepta, as delineated by M. de Koninck in his work on the ‘ Palreozoic Fossils of 
Belgium®,* pi. C. fig. 8 b. ; but in the vertical section the Russian coral differed essentially from that 
species, according to the structure represented by M. Michelin in pi. 16, fig. 3 b, of his ‘ Iconographie 
Zoophytologique*,* the transverse plates having a great uniformity of position, with, in general, a slightly 
convex or concave outline, and not a total want of regularity of situation and curvature. A sinfilar 
distinction was observed between the Russian fossil and a specimen from the Mendip Hills (England), of 
the coral to which the name of Michel, tenuisepta is now applied. This fossil was originally noticed and 
figured by Parkinson (Org. Rem. vol. ii. pp. 39, 40. pi. 5. fig. 9) ; and was first introduced into a sy- 
stematic arrangement of Pol 3 rparia, it is believed, by Dr. Fleming, under the name of Porites cellulosa 
(British Animals, p. 611 (1828), where Parkinson*8 figure is quoted); but it was subsequently assigned 
by Mr. Phillips, though with a doubt, to Calamopora, and distinguished by the specific name of tenui- 
septa (llluBt. Geol. Yorkshire, part ii. (1836), pi. 2. fig. 30. pp. 201 and 246, for the generic^oubt; Mr. 
Phillips refers to Parkin8on*s figure and locality); and, lastly, M. de Koninck gives Mr. Phillips's Cala- 
mopora tenmsepta as a synonym in describing Michelinia tenuisepta. 

An examination of the Mendip Hill specimen also, not only proved Mr. Phillips to be correct in stating 
that " the walls are perforated towards the margins” {opus cit. p. 201), but that the perforations, irre- 
gular in form, size and position, extended throughout the whole length of the tubes, wherever the inner 
surfece of the walls was Imd open or stript of a lining of highly inclined plates. It is therefore probable 
that M. de Koninck’s specimens, as in the one figured in plate C. of his work, were so provided with 
a layer of lateral plates, that the perforations were concealed (see Descript. Anim. Foss. p. 32). 

The finest specimen of Michelinia concinna might be considered as the fourth of aii elliptical mass (PI. A. 
fig. 3), and the dimBtiwnnn on the lines of the major and minor axis, were respectively, two mches and one 

» Bord de 1’ dtang de Petropawlofsk 60 versts de la fabrique de Bohoslow sur le N.E. , . „ . 

* Description des Anim. Foss, dans le Terr. Houllier et dans le Syst. Sup^r. du Terr^ Ant raxi re e a e 

gique. 4to, 1842. 

» Icon. Zooph. des Polypiers FossUes de France et Pays Environnants. 4to, 1842. 
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inch : the thickness, so far as it was preserved, was one inch. The columns possessed a nearly uniform 
diameter of two lines. The central plates were separated by small intervals, and they very generally 
ranged across the area of the tubes, but they were occasionally of more limited extent ; in all cases, 
however, there was a great tendency to a uniformity of arrangement and to a slight convex or concave 
curvature. Near some of the superior terminations of the columns, as well as in other parts, were slight 
local irregularities. These central plates occasionally abutted against a well-defined band of small, arched 
or vcsiculai^laminae, but they more frequently blended with the complex structure of the sides of the tubes. 

Divisional walls, formed of a distinct compact layer, were noticed to a very limited extent, and even 
then not satisfactorily ; nor are any represented by MM. de Koninck and Michelin, in the species 
figured by them ; but in the Mendip Hill fossil, a solid partition was noticed in some portions. The 
boundary or exterior «of adjacent columns in Michelinia concinna, was formed, apparently, or so far as it 
could be ascertained, of a blending of upturned margins of central plates, with occasionally an inner vesi- 
cular lining. The wall, believed to be thus composed, was not often exhibited, and to the extent to which 
it was examined, no vertical furrows were noticed ; but it was clearly perforated by foramina (fig. 3 a), less 
regular in character than those of Favosites, but with smooth edges, and plainly not referrible to acci- 
dental fractures. Their lineal arrangement in two instances gave the walls the semblance of being fur- 
rowed. Thfse boundaries exhibited no tendency to separate in a vertical fracture, and the upper surface 
presented instan/res of a vesicular filling-up between some of the columns. That the polypes, which 
formed the mass of columns, «did not enjoy a perfect blending of animal existence, is, however, evident 
from the not unfrequent occurrence in specimens of Michelinia, of considerable intervals, as noticed by 
M. de Koninck (opus cit. p. 30), and even of extremely narrow spaces ; and it is therefore probable that 
the intermediate matter above mentioned was deposited by occasional extensions of the polype. These 
' chaSucters are considered of imp/brtanc^in leading to a correct separation from Favosites of many corals 
which otherwise might be referred to that genus. 

The terminal cups were not well-exhibited ; but in the best cases the polygonal boundary was sharp, 
and the hollow so lined by laminae as to be perfectly circular. 

With respect to the mode of producing additional columns, the principal specimen of Michel, concinna 
afforded abundant proofs of increase along the marginal boundary ; and it is believed that instances of 
interpolated young columns were noticed. 

Locality and Formarmn.— East of Ust-Koiva, on the Tchussovaya. Carboniferous limestone. 

Cyathophyllum turbinatum, Goldf. 

Petrefacta, &c., p. 56. pi. 16. fig. 8. (1826.) 

Silurian System, part ii. p. 690. pi. 16. fig. 11. (1839.) 

A group of three stems, agreeing perfectly in their bi-areal structure with the fossil figured in Mr. 
Murchison’s work. 

Locality and Formation, — Petropavlofsk, N. Ural. Upper Silurian. 

The above species and Cyathophyllum dianthus, as represented in the 'Silurian System’ (pi. 16. fig. 12), 
and exhibited in a specimen of the Gothland coral, described by Fougt (Amcen. Acad. vol. i. Corallia 
Baltica, fig. 10), as well as referred to by M. Goldfuss in his account of the species, being believed to 
represent the t 3 rpical structures of the genus Cyathophyllum, the present inquiry has suggested the 
necessity of gfbuping certain analogous corals, which agree in the bi-areal composition, and probably in 
the mode of rq)roduction with Cyath. turbinatum and Cyath. dianthus, but which exhibit peculiarities not 
so limited to one modification as to enable their being assigned to single species. 
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The distinctive characters of one of these proposed groups or sub-genera were originally noticed 
in Russian specimens from the river Kakva and Petropavlofsk, and more recently under a di|ferential 
form in a fine Gothland coral, contained in Mr. Murchison's cabinet, and believed to be the Cyathophyllum 
articulatum of M. Hisinger (Lethaea Suecica, p. 102. tab. 29. fig. 4). The peculiarities consist,— first, 
in the lamdln of the outer area being pierced, from the inner surface of the wall, through their whole 
breadth by well-defined, relatively large foramina, terminating on the inner edge in a distinct row of 
short tubuli ; and, secondly, in the total absence of interstitial vesicular laminse at everg period of 
growth. 

For this sub-genus the name of Tryplasma is provisionally suggested, founded on the foraminated 
lamellm (rpvra, foramen; eXatr/xds, lamina). 

ITie Russian specimens were all imperfect fragments, but that from the river Kakva was considered in 
a state to be so far compared with the Gothland coral, as to permit differential characters to be satisfac- 
torily ascertained, A mere comparison of the figures accompanying the following notice (PL A. fig. 7), 
with that given by M. Hisinger, might alone lead to the inference of the two fossils being specifically 


distinct* ; but, independent of the great relative size and isolated nature of the one, and the slender form 
as well as dense grouping of the other, variations exist in the shape and arrangement of the foramina, and 
the characters of the lamellse. The gemmuliferous mode of reproduction carefully given in Hisinger's 
figure, was also fully shown in the Gothland specimen, the offsets springing chiefly from the side of the 
parent stem, but, possibly, in some instances from within the area of a onse terminal cup. 'Hie nature 
of the Russian fragments prevented the detection of any analogous process. 


Cyathophyllum Sub-genus Tryplasma. 

Cyath. Tryplasma mquahilis, |p. n. • • 

Cylindrical ; central area, transverse diaphragms broad, prolonged partly between the lalnellm ; outer area 
narrow, lamella numerous, alternately broad and very narrow, foramina round ; outer wall thin, (PI. A. 
fig- 7.) 

This notice of specific characters, as well as the following memoranda, must be regarded as only in- 
dicative of the leading peculiarities of the fossil. 

The extent and dimension of the specimen from the river Kakva are given in figures 7, 7 «/, Plate A; 
and though the fragment was so weathered as to exhibit perfectly no one surface, yet the oblique direction 
of the sections greatly facilitated the examination of the foramina. The diaphragms in theTr transvergr 
range exhibited no distinctive characters, but beyond the central area, they were simply continued between 
and, possibly, through the lamellse, to the outer wall; and therefore presented at the boundary of tin* 
lamelliferous zone, a marked difference from the complicated blendings in Cyathophyllum turbinatum. 
The lamellae issued boldly from the wall (fig. 7 a) exhibiting their full thickness in contact with it, but 
the extension of even the broader was limited. In the oblique vertical section (fig. 7), their range was 
indicated near the bottom by parallel rows of circles, alternately larger and smaller, the internal areas 
being more or less distinct, according, apparently, to the degree of blending between the decomposed coral 
and the infiltered lime. The rows were divided by bands of fine, slightly waved lines. ^Close to the left 
of the section the foramina were again shown, either in an analogous condition, oi? as distinct dark pores 
in a white crust. To the right of these rows, as well as lower down, and near the opposite boundary, 
were other series of circles with relatively broad, vertical intervals. Where the successive circles were not 
connected by any white or pale brown substance, they were believed to represent the tubufar extensions on 

* See also the figures of Tryp, {Cyathophyllum) ariiculata, PI. A. fig. 8, and the description of the Plate. 

• 4 K 
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the edge of the lamelloe ; and where such uniting matter occurred, that the lamellse also were more or less 
represei^ted. In the vertical intervals above noticed could be detected, here and there, an indistinct circle 
or a white speck ; and they were conceived to mark the range of the narrow lamellae. The obliquely 
transverse section (fig. 7 a) gave, more or less fully in both the broad and narrow lamellae, all the changes 
from the circle imbedded in the substance of the lamellffi, to the tubular or isolated ring. In this section 
the range of the foramina to the very external boundary of the coral was sho^rn in a few cases, but it is 
believed th^t the outer envelope was never pierced. 

The specimens from Petropavlofsk were of much less dimensions, and possibly belonged to a distinct 
species, but the whole of the original coral had disappeared, and the surfaces were much weathered. 
All the sub-generic characters were, however, exhibited, and the extension of the diaphragms, through 
the lamellae, was implied by intersecting parallel lines, which could be connected with the central struc- 
ture. The former existence of broad lamellae was also proved by grooves or casts with circular markings ; 
and of narrow, by similar but smaller impressions on the intervening ridges. 

Localities and Formations. — The river Kakva; East side of the North Ural Mountains ; Silurian. Pe- 
tropavlofsk, northernmost Russo-Uralian mines. Silurian or Devonian ?. 

Stromhodes • 

Cylindrical fPJ; lamella unequally distant , sometimes laterally in contact, more or less contortedly united at 
the centre ; lamella-plates easily separated, inner surfaces rough, striated obliquely and vertically ; inter ^ 
stitial lamina variously inclined, occasionally very vesicular towards the periphery; outer surface trans^ 
versely rugose. (PI. A. fig. 13.) 

'fhe specimen from which the above notice was obtained, consisted of an aggregate of crushed frag- 
ments in a matrix of Fusulina limestone^ but it possessed considerable interest, as it was believed to afford 
a generic representative in Russia of one of the most abundant of British carboniferous corals. The 
English fossil, the “ Sun-stones” of dealers, and one of the lamelliferous polypidoms to which the names 
of Fungites, Turhinolia fungites and Cyathophyllum fungites have been applied by some authorities, consists 
essentially of numerous, vertical, bi-plated lamellae, more or less contorted in the centre, but in general 
li .arly straight in their range to the circumference, where they sometimes become indistinct. The inter- 
stices are almost invariably narrow, and are closely beset with variously-inclined or arched laminae. In 
some specimens a distinct boundary wall encompasses the coral in part or wholly, but more frequently, 
the margincs irregular in outline and exhibits no definite or peculiar structure. Lastly, the diameter of 
a specimen often varies greatly, contracting to two-thirds or one-half (from three inches to two, or two 
to one), whereby it acquires the appearance of a young column springing from the centre of an old one ; 
and in transverse, rough fractures, indications have been detected of a free separation of horizontal layers. 
These characters clearly justify the removal of the “ Sun-stones” from true Turhinolia and Cyatliophylla, 
and are conceived sufiicient to warrant the placing them in the genus Stromhodes, as originally proposed 
by Schweigger (Beobachtungen, Systematic Table VI.) . The Russian fossil under consideration was far 
too imperfectly exhibited to ascertain its full characters, but so far as the structures were preserved there 
was a close agreement with some of the smaller “ Sun-stones.” The fragments of stems, about half an inch 
in diameter, but*rareljr persistent for even a quarter of an inch in height, displayed no expansions or con- 
tractions, but sometimes an unequal development on opposite sides. The lamella, strongly bi-plated, 
were contortedly united at the centre, but nearly straight in their range to the circumference, preserving a 
uniform thicknqss where the outer, prominent, vesicular plates did not exist, but becoming attenuated 
where they formed a nlarked band. Occasionally the lamella were in contact in one portion of a section, 
but relatively distant in the remainder. The interstitial plates were much less vesicular near the centre 
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than in the English fossil, though in the latter, in areas of equally limited extent, the equivalent lamina; 
varied in character. 

It has been deemed correct to give this very defective notice, in the hope that it may call attention to 
what is considered an interesting additional connexion between the palaeozoic faunae of Eastern and 
Western Europe. It has been considered right not to suggest a specific name, as there were no means 
of determining how far the fragments examined may be referable to the Turhinolia arktina of M. Fischer 
(Oryctographie, pi. 30. fig. 4). ^ 

Locality and Formation. — Ussa River, junction with the Volga near Samara. Upper Carbon, limestone. 

Cysiiphyllum impunctum, sp. n. 

Stems cylindrical, grouped, traversed externally by longitudinal obsolete stri^ and transverse irregular lines 
of growth; beneath the outer wall, broad, shallow furrows, strongly punctured ; vesicular lamimc varia- 
ble in size ; no radiating lines or lamella. 

Tliis coral diflPered materially from any described species known to the author, but it agreed in the 
punctured furrows and the absence of radiating lines with the characters of a very imperfect specimen of 
Cystiphyllum from the Devonian limestones of Newton Bushel (England). 

Two groups of Cyst, impunctum were examined. The larger consisted of parts of six i^ems closely 
aggregated, but without the cylindrical contour being affected, and fractured portions exhibited no clear 
proofs of the adjacent sides having been united. The finest stem, imperfect* at each extremity, was three 
inches and a half in height, and had throughout the greater portion of its range a uniform diameter of 
ten lines. The outer walls were imperfectly displayed, but they were apparently thin and nearly solid. 
The subjacent impunctured furrows, or casts of tuberculated, compressed ribs, were well’exhibited in 
some parts ; and they were equally strong at both extremities of^he stems, ranging longitudinEilly ; they 
were also traversed by the edges of the vesicular laminae. ITie whole of the interior ^iras occupied by 
the bladder-like plates, which were very irregular in size, curvature and disposition. No signs of the 
mode of producing additional sterns were observed. 

Locality and Formation. — Margin of the lake of Petropavlofsk, sixty versts north-west from the works 
of Bogoslofsk. Silurian. 

Caninia, Michelin. 

Corals belonging to this genus have unfortunately been described under the double apjfbllations of 
Caninia and Siphonophyllia. The former designation was proposed by M. Michelin at the Scientific 
Congress of Turin in 1840, and a description of the generic characters was published in 1841 in the 
Supplement to the Dictionnaire des Sciences Naturelles, tome i. 3ibme partie, p. 485. In one of the 
earlier numbers of the Iconographie Zoophytologique de France (1841 ?), M. Michelin also published n 
detailed explanation with illustrative figures of Can. gigantea (p. 81. pi. 16. fig. 1). The first account of 
the Siphonophyllia of Dr. Scouler, laid before the public, is believed to be that given by Mr. M’Coy in 
p. 187 of the “ Synopsis of the Carboniferous Limestone Fossils of Ireland,” prepared under the directions of 
Mr. Griffith (1844). The generic name, Caninia, appearing tlierefore to have been first puidished with 
descriptive characters, the retaining it has bee i deemed correct. • 

The notices, however, which have been thus communicated do not express fully the structures by 
which the corals described in them may be separated from previously established genera * ; and in conse- 

* Dr. Scouler’s account of the genus (Siphonophyllia) not having been yet published, tlie above remark cannot 
apply to his views respecting its structure. , 

4 K 3 
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quence apparently of the difficulty, under some circumstances, of detecting the siphon-like contortion of 
the plat^, and possibly also from other internal structures not having been fully considered at all periods 
of development or under irregularities of growth, doubts have been expressed respecting the necessity of 
retaining Caninia as distinct from Cyathophyllum*. It is believed, nevertheless, from an examination 
of M. Michelin’s figures of Caninia gigantea (Iconog. Zool. pi. 16. fig. 1), of Mr. Hutching's excellent de- 
lineation of Siphonophyllia (Caninia) cylindrica in Mr. Griffith's volume (pi. 27. fig. 5), and of specimens 
of that fossil presented to the Geological Society of London by the Earl of Enniskillen, that M. Michelin's 
genus is perfectly distinct from Cyathophyllum ; and it would possibly not have been considered by Pro- 
fessor Goldfuss as belonging to it, had the coral been brought under his consideration, 'fhe true Cya- 
thophylla of that authority, taking Cyathophyllum turbinatum as exhibited in Gothland as well as British 
and Russian specimeas, mid Cyath. ceraiites, and Cyath. flexuosum (Petref. pi. 17. figs. 2 4, 3 h), as charac- 
teristic of the genus, have internally only two areas, an inner composed of transverse plates or diaphragms, 
and an outer of vertical lamellae connected by inclined or variously arched interstitial laminae. Caninia, 
on the contrary, is composed internally of three well-marked structural divisions : — Ist, a central area 
composed of transverse diaphragms having more or less distinct, siphon-like folds, which penetrate ob- 
liquely downwards ; 2ndly, a middle area or zone composed of vertical, persistent bi-plated lamellae, with 
intermediaterfionnecting laminae or interstitial extensions of the diaphragm, arranged horizontally or vari- 
ously inclined, sometimes obliquely downwards; and 3rdly, an outer area composed essentially of vesicular 
or arched plates inclined upwards at considerable angles, and more or less intersected by attenuated 
extensions or ramifications of the lamellae. These three structures are excellently represented in Mr. 
Hutching’s figure already quoted, and though, as there represented, they pass into each, yet each area 
has its peculiar characters, and may easily be defined in either a vertical or a transverse section. The 
thre^ divisions are also truthfully*and c^garly exhibited in M. Michelin's figure 1 «, plate 16 of his work. 

It can form nc^part of these notices to describe the complicated details of the Irish coral (Siphon. (Can.) 
cylindrica), and they will doubtlessly be fully and far more satisfactorily explained when the original ob- 
servations of the authority by whom the coral was first generically distinguished in Ireland shall be laid 
before the public ; but in preparing the following notice of a Russian Camnia of very similar aspect, it 
was found necessary to refer to the characters exhibited in the Irish specimens belonging to the Geolo- 
gical Society of London, as the fossil under consideration was too imperfect to allow the characters to be 
separately investigated. The specimen was believed to be distinct from Can. gigantea or Can. (Siphon.) 
cylindrica ; ^ut as the structure of no one of the areas was perfectly shown, and could be only alluded to, 
the describer did not feel authorised to propose a specific name. 


Caninia . 

Cylindrical ; central area, siphon-like folds indistinct ; middle area, lamella numerous, interstitial lamina 
horizontal ,* outer area, vesicular lamina highly inclined, very complicated, intersected by extensions of 
the lamella. 

The fragment from which the above proofs of generic structure were obtained, was about two inches 
in diameter, but the exterior was in no part preserved, and therefore the actual width was not ascertain- 
able ; the greatest height, measuring from the extremities of the fractured sides, was only two inches and 
a half ; the outline was cylindrical, hut slightly bent. 

1 . llie central area was apparently about ten lines in diameter, but it was so imperfectly exhibited, that 
its extent coul4 not be clearly defined. In specimens of Can. (Siphonophyllia) cylindrica, the size of which 

I 


‘ See M. de Koninck's^ remarks on Cyathophyllum, Desc. Anim. Foss. Terr. Houill. &c. de la Belgique, p. 21. 
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agreed with that of the Russian coral, the diameter of the central area was also about ten lines. Tht 
diaphragms were very thin, and undulated so far as they were exposed ; on one side were also indication.^ 
of a siphon-like fold or sudden depression ; but this character was so indistinct, that if it ha(f not been 
exhibited in other fossils, and described by the authorities alluded to in the remarks upon the genus, the 
fold or depression would not have claimed special attention. The margin of the upper or under surface 
of the diaphragms was likewise so defectively shown, that the inner terminations of the lamellse could not 
be detected, though in the Irish fossil they constitute a marked feature, forming a circle of bold sharp 
crenulations or narrow plates around the boundary of the area on the uj^per side of the diaphragm, and 
series of grooves on the under side. 

2. The middle area or zone varied in width from four to three lines in different portions of the same 

transverse section, and in Can. (Siphon.) cylindrica similar inequalities were nofice^ *, but in the Irish spe- 
cimen, and possibly in the Russian, there was no constant connexion between the greater or less breadth, 
and the position of the folds in the diaphragms. The lamellee were formed of two* plates, distinctly sei)a- 
rable, but the inner surfaces were exposed to a very limited extent. In vertical sections of the Irish coral 
this character is, in general, finely shown, the facility with which the two plates separate giving specimens 
of considerable length a great tendency to split. The persistence thus displayed in the vertical range of' 
the lamellee, as well as the unbroken regularity of the highly inclined lines on their surface, exposed in 
one specimen from Ireland for more than two inches and a half, satisfactorily demonstrated that the same 
polype constructed the whole of that portion, though intersected by full.fifty diaphragms ; and it is be- 
lieved that each specimen, even when twelve or fourteen or more inches in height, was the production of 
one animal. At the part, in the Russian fossil, where the siphon-like depression occurred, there was also 
irregularity in the arrangement of the lamellae. The union of the lainellaj with the diaphragms could not 
be satisfactorily studied. The interstitial extensions of the laUer plates between the lamellar, had ^ to t^ 
extent exposed, a nearly horizontal range, and they were slightly concave. • 

3. The greatest width of the perfect outer area could not be ascertained, but it exceeded five lines ; in 
Can. (Siphon.) cylindrica it varied in the same transverse section from four to seven lines. The inner 
boundary, as in that fossil, was well-defined by the abrupt commencement of the highly inclined, arched 
or vesicular laminae of which the area was essentially composed. These laminae varied in form, position 
and extent, and they were occasionally furrowed and deeply indented, but no decided foramina were 
noticed, though they occur in the Irish coral. The attenuated extensions of the lamellae traversed the 
whole area so far as it was preserved, but not always in one uniformly persistent plate, i^ptancca occur- 
ring of splitting into subordinate ramifications, and their sides were always more or less feathered by the 
vesicular laminae. The structure of tliis area was also very imperfectly displayed. 

Locality and Formation . — ^East of Usolie, on the Volga above Samara. Carboniferous limestone. 

Caninia ibicina ? 

Conical, curved; central area, diaphragms connected marginally by bold extensions of lamella, siphon fold 
small; middle area, inner surface of lamella-plates not readily separable, interstitial lamina horizontal, 
waved; outer area, vesicular plates numerous. (PI. A. fig. 6.) 

TurhinoUa ibicina}, Fischer de Waldheim, Oryctographie du Gouvernement d^eMoajou, p. 153. pi. 30.^ 
fig. 5 ; Miatchkova. 

Between the younger state, described in the next page, of this Caninia and M. Fischer de Waldheim s 
Turhm ibicina, there is a considerable resemblance so far as the characters of the latter we delineated, both 
apparently consisting of a central area with transverse diaphragms, and an outer of vertical lamclloe ; but 
it is difficult to imagine that the figure given in the ‘Oryctographie* can represent a young specimen, and 
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therefore it may be doubted, if there be a generic agreement ; nevertheless, as it is possible for a Caninia 
to be so reduced externally by weathering that it might present the aspect of the figure above quoted ; 
and as thS mature fossil under consideration would, if similarly reduced, afford analogous appearances, it 
has been considered better to adopt doubtfully M. Fischer’s name than to propose decisively a new one. 

Three fragments imbedded in the Fusulina limestone of Velikovo were referred to this species, the dif- 
ferences which were noticed in the component structures being considered due to variable conditions 
dependent uj^on age and mode of growth. The largest specimen (PI. A. fig. 6), about one inch and a 
half in length and one in breadth at the upper extremity, was so greatly bent, that the lamella and dia- 
phragms were comjiletely distorted, and no siphon-folds could be detected. This specimen, nevertheless, 
was highly interesting, ns it exhibited an important structural change due to different states of develop- 
ment. In the upjier pyt the three areas were fully shown, they appeared also further down, but witli 
the versicular much diminished, and in the lowest exposed portion only two were visible, or the central 
with the diaphragms, dhd the intermediate with the vertical lamellae crossed by transversely waved plates. 
In this bi-areal state, however, Caniniae may be easily distinguished from Cyathophylla by tlie absence in 
the lamelliferous zone of all vesicular laminae. 

In the second fragment (figs. 6 a, 6 h), which was merely a bi-areal segment five lines in length and 
breadth, the characters, to the extent preserved, were better exposed than in the larger specimen, the cur- 
vature being slight.^ llie bi-i)lated lamellae were thick and simple in character, with ample interspaces, 
and their inner margins projected prominently between the diaphragms. The siphon-folds were also well- 
exhibited, jienetrating obliquely into the lamelliferous zone. • 

The third fragment (fig. 6 c), imbedded in the same matrix as the second, and possibly a portion of it, 
afforded an additional important change dependent upon growth. It was a baseal termination, conical, 
tgid slightly bent ; about one inch in len^h, and half an inch in its greatest diameter. At the upper 
part the exterior ww not fully preserved, but about the centre of the fractured termination was a small 
perforation, or pipe (fig. G d), which descended obliquely and was surrounded by several concentric lamina, 
occupying apparently the whole of the area. The outer zone immediately surrounding this structure 
(fig. 6 c) was composed of thick lamella obscurely bi-plated, but slightly* grooved externally; and, 
though almost in close contact, their sides were faintly marked by waved interstitial lamina. A little 
lower, and thence to the base, the central area was contracted to an ill-defined interval, more or less oc- 
cupied by the irregular edges of the lamella ; but the outer zone preserved the characters of the upper 
part. The infrrior terminations of the lamella were peculiar, and, if rightly understood, of great interest 
in on attempt to investigate the characters of the genus. They were clearly rounded and smooth 
(fig. 6 c), but not from abrasion, and they exhibited not the least trace of having been attached, leading, 
therefore, to the inference that at one period at least the coral was free. 

M. de Koninck, in his remarks on the genus, details a series of changes in the characters of the siphon 
analogous to those noticed in the second and third specimens ; and he states still further, that he has not 
rarely met with two modifications, a central cone, and a species of lateral siphon, “ sur la m^me cloison 
Locality and Formation, — Velikovo, between Vladimir and Kovrof. Upper Carboniferous limestone. 

In another specimen of limestone from the same locality was also a fragment of the bi-areal and baseal 
^portions of a Caninia, but deserving of notice on account of the additional evidence it afforded of curious 
irregularities of development. It was one inch and a half in length, nine lines in diameter at the upper 
extremity, and four at the lower. The central area presented a depressed cone, composed of diaphragms 
so highly contortec^ and intermingled with lamella, that the component structures could not be separated 


* Op, dU on the structure of Cyathophyilum, p. 21. 
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without attention, and it resembled more the aspect of the equivalent section of a Strombodes than the 
normal condition of a Caninia. The true characters of the latter genus, including a small sighon, were 
however all recogpiizable. The lower end was obliquely fractured, but exhibited near the centre a minute 
convex (concave in the section which gave the under surface) plate, and two irregular openings near it, 
the whole being surrounded by a dense zone of lamellae. 

STYLASTRiBA. 

In the remarks on Lithostrotion (p. 602), it is stated, that the coral for which Lhwyd originally proposed 
the name (Lithophylacii Britannici Ichnographia, Epistol. v. p. 122 and pi. 23, 1699) differs essentially in 
structure and in the mode of producing additional columns from tlie Lit host, floriforme of Dr. Fleming*; 
and it is shown that the internal structure of that fossil and of other Russian 9i)ecie8 of Lithostrotion ad- 
mits of a triple subdivision, or into,— 1, a central area occupied by a variously constituted axis ; 2, a middle 
area composed essentially of persistent vertical laraellse; and 3, an outer area formed T)f arched lamina?, more 
or less intersected by vertical plates or extensions of the lamellae : it is also shown that the additional 
columns are chiefly developed within the area of the parent column, though occasionally without it ; and 
further, that there is no prevailing natural tendency for the walls of the adjacent columns to 8ei)arate 
when a specimen is fractured vertically. It is now proposed to explain what is believed to be the cha- 
racters of the fossil to which Lhwyd first applied the name of Lithostrotion, and to point out the difference 
between tliem and those of Dr. Fleming's Litkost, floriforme, 

Lhwyd's figure (Ichnographia, tab. 23) expresses admirably, though rudely, the brief descriptive characters 
engraved on the plate, “ Lithostrotion sive Basaltes minimus striatus et stellatus," the vertical surface ex- 
hibiting a series of polygonal or basaltic -like columns longitudinally striated, and tlie transverse a congeries 
of variously sized, polygonal stars. Lhwyd unfortunately gives no ^ditional information in thc.lettei; 
where the fossil is mentioned (Epistol. v. p. 122); but Parkinfon, in his description of a coral asjflgned 
by him apparently with great correctness to Lhwyd's “ Lithostrotion sive Basaltes" t^rg. Rem., vol. ii. 
p. 43 — 45, pi. 5. figs. 6 and 3), says, that it “breaks with a moderate force laterally applied into angular 
ledges,” that “ one or mort of the columns may be detached by a moderate stroke,” and that “ a close 
examination, especially of its polished surface, will show that the stone is composed of a congeries of 
polygonal columns exactly adapted and closely concreted together in a parallel direction.” The first and 
last of these statements are strictly applicable to Lhwyd's figure, the vertical surface bearing evidence oi 
facility of fracture, and the whole three to a coral found in the mountain limestone near JJristol. Par- 
kinson further states, that “ the longitudinal section exhibits a striated plumose appearance, and that 
numerous exceedingly slender, longitudinal lamellae, corresponding with the external striae, are disposed 
perpendicularly from the circumference to the centre in a stellated form, intersected vertically and hori- 
zontally by proportionally numerous and equally delicate lamellae” (p. 44). These characters are likewise 
prominently exhibited by the Bristol coral before mentioned ; and believing that Parkinson was perfectly 
correct in referring his specimen to Lhwyd’s ‘ Lithostrotion,* and that consequently the Bristol fossil is 
also generically if not specifically identical with the latter, it is proposed to explain briefly the leading 
characters by which Lhwyd’s polypidom may be known from Dr. Fleming's Lithostrotion. 

'The Bristol coral consists of columns closely aggregated, and so moulded as to fit perfectly and fill all 
irregularities ; but they are easily separated on every side, the adjacent walls of each column having been 
developed by the inhabiting polype, without apparentiy any superior, superficial community of existence 

^ Lithostrotiim striatum of the same authority, though referred to Lhwyd's figure, maj, it is Selieved, be applied 
more accurately to a carboniferous fossil resembling it, but possessing truly the generic character of Lithost, fioru 
forms* Brit. Anim. 508. * . 
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with the occupants of surrounding columns. In Lithostrotion floriforme, on the contrary, as already stated, 
there is tendency to divide naturally on all sides, the walls being essentially “ coadunated,*' a character 
alluded to by Martin in his account of the fossil ; and though he says that ** they are in most specimens 
separable,** yet such natural divisions have been found to be only occasional and confined to a limited part 
of the exterior of the columns, the other portions being firmly united. These separations are believed to 
occur only where two groups of columns have been irregularly brought in contact. (Petri. Derb. descrip- 
tion of pi. 43^d 44, referred to by Dr. Fleming, Brit. Anim. p. 508.) Internally Lhwyd*s or the Bristol 
coral is divisible in the mature state into two areas, not three: — let, a centre more or less extensive, 
occupied by lamellae variously blended or by contorted laminae, but not traversed by a distinct, persistent 
axis ; and 2ndly, an outer area intersected by vertical persistent lamellae, the interstices being variously 
crossed by inclined or«ar^ed vesicular plates. The additional columns were produced by a subdivision 
parallel to one of the facets of the pre-existing column, and not by the development of a circular germ. 
Externally, the partition was rendered visible by a line commencing in outer walls on opposite sides of a 
column, and ranging upwards, it almost immediately marked a clear boundary between two distinct 
columns. The polypes which inhabited these structures formed, as before stated, independent, adjacent 
walls, and had, it is inferred, no connexion at the upper extremities. To this mode of production, the 
facility with which the columns are detached is necessarily ascribed. In Lithost. floriforme the germ pro- 
duced within the area of the parent was circular, its periphery having no parallelism with the sides of the 
previous column, and it did not develope a separate wall, the boundary between the young and the old 
columns having been a conjoint labour. It may be also stated, that the aptitude of the polypes to fill 
every inequality due to growth, precluded the possibihty of the introduction of interstitial columns. 

llio internal characters dependent upon this manner of reproduction were better exhibited in a Russian 
Coral, Mescri bed in the next page, than in /he Bristol fossil, but they are briefly noticed here to complete, 
as far as possible, |he generic memoranda. In a section, purposely made, about half a line below the 
point, where a subdivision w^as visible, the transverse under surface exhibited not the least sign of any 
irregularity in the lamellae or in the interstitial plates. The young or offset column, which commenced im- 
mediately above the section (PI. A. fig. 2 b), nearly subdivided the facets from which it sprung, but its area 
was much less than half that of the pre-existing column. The exposed surface was inclined obliquely for- 
ward, and therefore did not display everywhere an equal state of development. The structure exhibited in 
this uneven plane was much less regular than that in the section beneath, though not very different from 
the arrangement of the component laminae near the sides of other columns in which no subdivisions existed : 
traces also of extension upwards of the lamellae of the imdivided column were likewise detectable, indicating 
that the pol 3 rpe of the young column possessed, to a certain extent at least, the secreting membranes of 
the old. It must also be stated, that though irregularities in the exterior of the columns attended in 
some cases the production of the offset, yet that in others there was no disconnection upwards between 
the ribs of that portion pf the undivided wall which was subjacent to the young column, and those on the 
surface of the latter. In every instance in the Russian specimen as well as in the English the divisional 
line of the offset was parallel to one of the facets, and the youngest condition of the severed portion was 
an irregular polygon. In Lithostrotion, the lamellae of the offspring could not be referred even in part to 
a continuation with prq-existing structures. 

In all respects, therefore, it is believed that the Bristol, and consequently Lhwyd's coral, is geneiically 
distinct from Dr. Fleming’s Lithostrotion floriforme. 

In the inferre(kmode of producing additional columns, there is a resemblance to the fossiliferous opera- 
tion characteristic of thi Astrea and Favia of Ehrenberg as well as of the restricted Caryophyllia of the 
same authority. In the two former however the polypes belonging to one specimen possess a perfect 
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community of existence, and as the walls of the adjacent stems are also inseparable, there are marked 
generic distinctions from Lhwyd’s coral. With Ehrenberg’s Caryophyllia. including the Lobopl^llia of 
De Blainville, there is a greater agreement, each polype having at the superior termination a perfectly 
distinct boundary, and in general considerable intervals between it and those next adjacent ; but internally 
the structure of the Bristol coral and others allied to it. is so very distinct from that of Caryophyllia, par- 
ticularly in the bi-plated nature of the lamellae and in the vesicular character of the interstitial plates, as 
to warrant, independent of the mode of grouping and the decided continuation on the outer tide of the 
divided stems, of the lamellae of the undivided, a generic separation. 

It is proposed, therefore, to apply to Lhwyd’s coral the generic designation of Stylastraea (arvKos, co- 
lumna ; afrrpoy, astrum), recommended to the describer by Mr. Murchison on account of its columnar 
aspect ; and if Parkinson be correct in considering it as identical with a fossil described by Volkmann, it 
is further suggested that it should be distinguished from other species by the designation of Slylastraa 
vorticalis, (Parkinson, Org. Rem., vol. ii. p. 45.) 

The following may be given as a summary of the generic characters, so far as the nature of the coral 
is known to the describer : — 

A columnary lamelliferouSt stony polypidom; lamella exceeding twelve y bi-platcd; columns closely aggregatedy 
easily separated; internal structure twofold y — Is/, a central area occupied hy variously blended^ lamella or 
contorted lamina^ without a distinct y persistent axis ; 2wrf, an outer zonCy traversed by vef^caly continuous y 
bi-plated lamella, not fasciculated ; interstices occupied by numerous, arched of vesicular lamina ; additional 
columns produced by subdfvisions of the parent column ; polypes perfectly circumscribed at the superior termi- 
nation ; no connecting mantle. 

Stylastraa inconferta, sp. n. • 

• • 

Columns A-^-sided, irregular in the breadth of the planes and th^range upwards ; outer surface unequally 
ribbed; central area, variously contorted lamina; outer zone, lamella about thirty four y%lternately broad 
and very narrow ; interstitial plates numerous; terminal cup not observed; additional columns bi-par tit e 
(only?). (PI. A. fig. 2.) t 

This fossil differs from Lhwyd’s species in the greater dimensions of the columns, in the more open 
structure of the interior, and in the centre being much less occupied by prolongations of the lamellee. 

The specimen of Styl. inconferta which was examined, was a fragment detached from the interior of a 
mass, and it measured about four inches and a half in altitude, two and a quarter in width, anyone and a 
half in extreme thickness. The columns exhibited not the slightest indications of divergence, but they 
were more or less irregular in form and range, and so perfectly moulded to each other as to indicate a 
complete aptitude in the polypes to fill every interspace (fig. 2). lliey had in some places been fractured, 
and occasionally dislocated, apparently during the life of the animal ; and at the upper extremity the whole 
mass of the specimen, to the depth of half an inch, had so far undergone decomposition, that it presented 
only a confused aggregate of broken plates with slight traces of polygonal boundaries. The average 
diameter of the more regular columns was four lines. 

1. The central area, which was circulfu' and rarely exceeded one line in diameter, had no definite boun- 
dary, and was composed of irregular laminee variously inclined and intermingled, but sometimes, though 
rarely, extended transversely across the area, giving such limited vertical sections fetj much the aspect 
of the interior of a Cyathophyllum ; the general structure, however, agreed more nearly with that of a 
Lithodendron without an axis. Rough transverse sections, moreover, never gave a centre composed of a 
smooth, flat disc similar to that of Cyathophyllum ; and such surfaces, when polished, , always exhibited 
faint curved lines, without any symmetrical structure, indicative of the axis of Lithostrotion or Litho. 

dendron. . 

4 L 
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2. The lam^oB of the outer area sprang very generally from the boundary wall, the narrow being almost 
rudimettary, but the broad ranging with slight flexures across the zone, and sometimes into the central 
structure. Though conjointly exceedingly thin, the two plates could readily be detected in polished, 
transverse sections ; and in longitudinal fractures (flg. 2, 2 a mag.), the separated feathered surfaces were 
as clearly displayed in these comparatively minute columns as in the gigantic Caninia of Ireland. There 
was. however, this difference ; in Stylastrsea the inner surface of the plates extended to the wall of the co- 
lumn. while in Caninia it was confined to a limited intermediate zone. The surface was traversed by 
strong, waved lines, inclined upwards and outwards. The interstitial plates, prolongations, in part at least, 
of the central lamines, were, as exposed in vertical sections, highly inclined, vesicular and numerous, but 
not so close or small a^ in Lhwyd’s coral ; and in transverse sections they exhibited variously combined, 
curved or arched linbs, also less numerous or closely disposed than in that fossil, on account apparently 
of the rudimentary character of the alternate or narrow lamellae. 

The exterior of the columns (fig. 2) was very irregular in outline, conforming, as before stated, to all in- 
equalities of upward development ; and not unfrequently one column overlapped, in part, an adjacent facet. 
The sides were crossed by fine, waved lines and prominent ridges, indicative of renewed or disturbed 
growth ; and they were traversed vertically by broad ribs of variable strength and persistence. 

With resject to the mode of producing additional columns, the remarks already given (p. 620 and 
fig. 2 b) contaiif all the information acquired from the examination of this specimen, except that stages of 
gradual completion of internal structure in the divided columns were noticed (fig. 2 c), and that the re- 
])roductive developments took place very irregularly, and in general at considerable intervals. No signs 
of a triple or quadruple partition were detected. 

Locality and Formation, — Kossatchi-Datchi, south of Miask, eastern side of the Ural Chain. Carboni- 
ferous limestone. {Stylastnea inconfei^ia thus affords an additional interesting link between the carboni- 
ferous fauna of Western Europe and that of the borders of Asia.) 

Diphyphyllum. 

• 

This generic designation is proposed for certain corals which exhibit an aggregate of characters be- 
lieved to be sufficiently peculiar to warrant the fossils possessing them being considered the type of a new 
genus. The peculiarities were first obsen^ed in a specimen from the carboniferous limestone of the 

neighbourhood of Kamensk, on the Siberian side of the Ural Mountains, and more recently in a fossil of 

♦/ 

not rare occurrence in the equivalent formation near Bristol. The genera with which these corals are 
most nearly allied, as respects either structural details or mode of reproduction, are Lithodendrou, Cya- 
thophyllum, Stylastraea and Caryophyllia of Ehrenberg. In the following notice, allusion is constantly 
made to the English specimens also, as they exhibited prominently, in some instances, characters which 
were but slightly indicated in those from Kamensk ; and the reader is requested while perusing it to con- 
sult the figures of thb latter fossil given in Plate A. (figs. 4 to 4 c). 

The points of resemblance between the corals under consideration and well-known species of Litho- 
dendron, are, in some states, so considerable, that the Bristol fossil may have been occasionally referred to 
one of them, in the mode of growth, both Lithodendron and the proposed genus agree by having deve- 
loped ramified massed, with the stems more or less distant from each other, but occasionally united when 
the interval was small. Internally both genera exhibit, in the zone surrounding the central area, a great 
uniformity of structure, allowance being made for specific diversities, and the variations which occur in 
different portions of tjie same specimen. The lamelle in both are also bi-plated. As regards the. central 
area, it was composed in the Kamensk specimens of convex or fiat diaphragms ; but in neither longitu- 
dinal or transverse sections obtained by fracture, and subsequently polished, were any signs ^etected of 



APPENDIX A. (LONSDALE ON CORALS.) 


623 


an axis ; nor did they occur in a specimen, so worn down by the describer that the centre could not be 
passed, and an axis exist, without being discovered. In some of the Bristol longitudinal sections, how- 
ever. displaying in aU other respects a perfect agreement with those of the Kamensk fossil, a central body 
was occasionally more or less developed, and when fully, it resembled so greatly the axis of true Lithodendra. 
that a generic identity might have been inferred. It is believed, nevertheless, that there are important es- 
sential differences between the apparent axis of the proposed genus and the real axis of the established one. 
In Lithodendron it forms a marked persistent body, variously constituted, but ranging continuously through 
the centre of the stem, and forming in the terminal cup a bold boss ; there is also no connexion between 
it and the mode of ramification, the branches springing from the side, and being in no way influenced by 
it. In the proposed genus, on the contrary, the central body varies in characters, the variations depend- 
ing, it is believed, on the manner in which the ramifying was effected. In longitudinal sections of both 
Kamensk and Bristol specimens, an acicular point, more or less prolonged, was not^unfrequently noticed 
springing vertically or obliquely from the centre of one diaphragm, and occasionally ranging to the under 
surface of the next. In some sections from Bristol, not those which exhibited most strongly the appa- 
rent axis, similar acicular lines traversed two, or more, successive intervals, but without any regular con- 
nexion, the terminations on the upper and under sides of the diaphragms not coinciding in position. Be- 
tween these intersected intervals, others occurred in which no central process was noticed. fVgain, in lieu 
of a single line, two occasionally appeared springing obliquely from a continuous base Or diaphragm, and 
were united in an acute angle, either at the top of the interval, or after extending through more than 
one, and in such cases interrupting the range of the intermediate diaphragms. Occasionally also one of 
the transverse laminae was bent upwards at an obtuse angle in the centre. In the most strongly charac- 
terized axes, the diaphragms were in general very irregular, and sharply inclined against tlie central aci- 
cular line ; the whole agreeing, as before stated, almost perfcc^y in appearance with the axis of spmc 
true Lithodendra. All these structures were very unequally exhibited, and even the Iftst was preceded 
and succeeded in the same section, which showed no distinct curvature, by regular diaphragms and in- 
tervals, without any indications of a central body. In nearly 300 tiansverse or oblique sections, displayed 
in polished Bristol slabs, no true axis was observed ; and in the only terminal cup examined (a Kamensk 
specimen), no boss was discovered, during a careful removal of the sediment with which the depression 
had been filled. 

It is proposed now to state briefly the conceived real nature of these various central structures, and to 
point out in what respects they are believed to differ from the axis of Lithodendra. 

The branching in the corals under consideration, was effected by a perfect medial subdivision of the stem, 
and consequently in the exact range of the indications above noticed of irregularities in the inhabiting 
polype ; moreover, those structural inequalities often immediately preceded the sub-divisional process, and 
could easily be referred os the first steps in that new order of growth which was speedily perfected in the 
divided branches. In figure 4 ft, Plate A., an acicular line immediately precedes tht bifurcation : and the 
reader is requested to compare the oblique, subdivided diaphragms at the commencement of the separated 
branches with the inclined plates mentioned above. It is therefore inferred, that all the irregulanties or 
apparent axeal structures are but immature signs of the process which was effected at the fitting period ; 
and further, that such a mode of branching precluded the existence of a persistent^ axis similar to that of 
lithodendron: it has been already stated, there is no connexion in that genus, in position or otherwise, be- 
tween the axis and the lateral offsets or branches developed from germs. According to Ehrenberg, this dif- 
ference in the mode of ramification demands not only a generic separation, but tha tne coral should be 
placed in a distinct family from that to which Lithodendron belongs. 


• 4 L 2 
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Respecting the other genera with which the Kamensk fossil has been stated to have certain resem- 
blances,ffew remarks only are necessary. 

Internally there is an almost perfect central agreement, except in the occasional irregularities, between 
the proposed genus and many of the corals usually assigned to Cyathophyllum ; but there is, again, be- 
sides the distinction in the number of areas, the important difference, of one being perfectly bipartite and 
the other proliferous. 

As regar&s Stylastrsea, the structural details of the interior are also different as respects the areas, and 
the sub-divisional process, if rightly assigned to that genus, is much less perfect than in the Kamensk 
fossil ; in Stylastrsea also the adjacent columns are never laterally united. 

Lastly, while there is a strict accordance in the mode of branching, there is a complete dissimilarity 
internally between the coral which has been under consideration and Caryophyllia. 

Believing, therefore, that the Siberian and English polypidoms are in their aggregated characters gene- 
rically distinct, it is proposed to designate them by the appellation of Diphyphyllum, founded on the two- 
fold resemblance, first noticed in the Kamensk specimens, to Cyathophyllum centrically, and to Caryo- 
phyllia in the mode of branching duas hahens naturas; <pv\\ov, folium). 

The following generic characters are suggested : — 

A stony, lamelljferous polypidom : lamelltB exceeding \ % hi-plated ; branched, branches dichotomous ; inter • 
nnl structure, tri-areal: 1, central area, intersected by fiat, convex or irregular diaphragms, no persistent 
axis; 2, intermediate area, traversed vertically by lamellts; interspaces crossed ob^quely or downwards by 
extensions of the diaphragms and subordinate plates ; 3, outer area traversed by lateral extensions of lamella ; 
interspaces crossed by arched or vesicular lamina inclined upwards and outwards ; stems not uniformly thick- 
• enedhy external secretions, hut ocoasionally united when in juxtaposition. 

* Diphyphyllum concinnum. 

Stems cylindrical, nearly smooth; crossed externally by close, fine, waved lines, and stronger, unequal, distant 
bands; lamella numerous, variable; inner surface of plates furrowed strongly upwards and outwards ; 
central area, diaphragms fiat, convex or irregular ; intermediate area, principal lamella exceeding 30, 
more or less waved, intermediate very unequal; interstitial prolongations of diaphragms inclined sharply 
downwards, accessory plates nearly horizontal ; outer area, lamella variable in strength and range, in- 
terstitM plates largely vesicular; terminal cup deep, lined by edges of the lamella, no central boss. 
(PI. A. fig. 4.) 

The specimens of this coral which were examined, consisted of one subdivided stem (fig. 4 a, 4 b), and 
several portions of others (fig. 4) ; the larger having a nearly uniform diameter of four and a half lines, 
and the smaller of three and a half lines. The relative proportions of the areas were not quite constant, 
but in one specimen the width of the central was about two lines, and that of each of the others one line. 
The inner surfaces of the lamellae plates agreed almost perfectly with those of Caninia and Stylastraea ; and 
the lamellae in their extension across the outer area, partook very much of the variable characters exhibited 
in the former genus ; being sometimes alternately broad and narrow, the latter projecting partially into 
the intermediate zone^ but sometimes so united to the vesicular laminae as to form a complicated reticu- 
lation. The boundary wall was exceedingly thin throughout, and exhibited no indications of lateral junc- 
tions. The indioations of an axis were very faint, being confined to the occasional appearance of a single 
line in the centre of the area, or to a few instances of conical irregularities in the diaphragms. The 
beautiful example iof bifurcation represented in figures 4 a, 4 i, exhibits clearly the connexion between 
such irregularities and the sub-dividing process. The depth of the terminal cup was rather more than 
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half the diameter ; the margin was sharp ; the edges of the lamellfle projected slightly and the bottom 
was formed by the smooth surface of a diaphragm. 

Locality and Formation, — Hill of Tchirief, Kamensk, on the river Issetz, eastern side of the Urfl Chain. 
Carboniferous limestone. 

Monticularia Stembergii, Fischer. 

Hydnopkora Sternbergiit Fischer de Waldheim, Oryctographie du Gouvem. de Moscou, p. 157. pi. 34. 
fig. 5^ (Gregorievo, sixty versts south-west from Moscow.) • 

The specimen of this coral which was examined, consisted of soft, granular limestone, without a trace 
of animal secretion. The portions exhibiting the lamelliferous cones were of limited extent ; but there 
was a perfect agreement in the number and character of rays, with M. Fischer’s description and unmag- 
nified figure. From the friable nature of the specimen, it was impossible to detect any extension inwards 
of the lamelliferous rays ; but it was believed, on account of the agreement in the characters of the cones 
with those of a recent specimen of Monticularia, and from the difficulty of referring them to casts of an 
Astrea or any allied genus, that the fossil had been rightly studied by M. Fischer. Professor Goldfuss, in 
the additions to the first volume of the Petrefacta, has identified his Astrea velamentosa, a Maestricht 
fossil, with Monticularia Slernbergii, but most clearly on insufficient grounds (Petref. pp. 68^ 245. pi. 23. 
fig. 4). • 

Locality and Formation, — Meshkovitza, Government of Kovno. Silurian^. • 

• Porites pyriformis, Ehrenberg. 

Beitrage zur Kenntniss der Corallenthiere des Rothen Mecres, p. 120. 1831-1834. (Berlin IVans- 
actions, 1832.) • 

Heliopora interstincta, Eichwald, Syst^me Silurien de I’Esthcgiie, p. Sll. 1840. • 

In Mr. Murchison’s works on the Silurian System, part ii. p. 68G, a list of other syupnyms and refer- 
ences is given. 

It is believed, that the specific characters of the group of corals to which Por. pyriformis belongs 
cannot be correctly determined, unless the specimens examined exhibit, not only the structure pos- 
sessed during growth, but that also which the polype developed at the period when it apparently ceased 
to add to the stony fabric. So far, however, as a comparison of equally immature specimens would 
permit an opinion to be formed, the Russian fossil presented no essential structural differences from that 
found in the Silurian formations of England, of Gothland, or of Malmoe Isle in the Bay df Christiania. 
With respect to the Eifel coral described and figured by Prof. Goldfuss, under the name of Astrea porusa, 
(Petref. pi. 21. fig. 7), and identified by him, as well as by all other authorities, with the Gothland fossil, 
or Porites pyriformis, the same stage of development presents, it is believed, no structural difference, 
with the exception, perhaps, of a greater breadth of the lamellae. This observation applies also to a coral 
common in the Devonian limestone of England, and assigned likewise to Por, pyriformis. In a notice, 
however, on one of the plates, illustrative of Professor Sedgwick and Mr. Murchison’s Memoir on the 
Devonian System of England (Trans. Geol. Soc. London, 2nd ser. vol. v. pi. 58. 1840), some specimens 

' It has been considered necessary to retain the use of Lamarck’s generic name, on account of its having been 
very generally adopted, though proposed subsequently to Hydnophora. 

* The locality of Meshkovitza, north of Shavli, in the government of Kovno (Lithuania), where our fragment was 
collected, is unquestionably Silurian ; whilst Fischer’s locality is carboniferous. Believing the identification of Mr. 
Lonsdale to be correct, it does not appear to us absolutely necessary to suppose, that thia species of coral is com- 
mon to the two systems ; for, after all, the Moscow specimen may have been derived from the northern drift, in 
which fragments of Silurian rocks are not uncommon. — R. 1. M. ' 
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of that coral belonging to Mr. Austen are briefly shown to undergo a very remarkable change at a certain 
period of development, and inferred to be that which limited its growth. Whether the specific determi- 
nation was correct, remains to be proved by the discovery of Silurian specimens, exhibiting fully the same 
state. The author of these notes is not aware of any observations having been made upon this important 
inquiry ; and he is unwilling to propose, on imperfect evidence, specific separations ; but a Gothland 
specimen in Mr. Murchison’s cabinet afforded a few instances of the obliteration of tubes by the extension 
and union pf the lamella. The characters, thus presented, differed however materially from those ex- 
hibited by the specimens from the Devonian limestones of England, being merely a junction of lamella 
without any of the fillings-up by transverse or convex lamina so prominent in the other instances. It 
has, however, been deemed right to call attention to the subject, and it is hoped that it will receive from 
those possessed of the re*qui8ite facilities, a full share of consideration. 

In the recent Heliopora camtlea of De Blainville (Pocillopora ctsTulea^ Lamarck), a somewhat similar 
obliteration of the tubes occurs, but the agreement is not considered suflSicient in the present state of the 
inquiry to justify the restoration of Porites pyriformis to that genus, other Anthozoa exhibiting also re- 
markable changes in the external characters at a certain, possibly final period of development. 

Localities and Formations, — Isle of Dago ; Petropavlofsk ; Gothland ; Malmoe Isle, in Christiania Bay ; 
Upper Siluriin. 

Aulopora conglomerata ?, Goldf. * 

Petrefacta, p. 83. pi. 29. fig. 4. 

The fossil assigned with a doubt to this coral, was attached to a mass of Ffi^vosites, and occupied a 
surface about an inch in diameter. It consisted of an aggregate of nearly horizontal or inclined tubes, 
forming what might be considered as the base, or commencement of a group similar to that figured by 
M. Goldfuss (/oc. cit, supra), 

Locality and Formation, — Isle of Dago. Upper Silurian. 

« 

Stromatopora concentrica, Goldfuss. 

Petrefacta Musei Univer. Bonnensis, p. 22. tab. 8. fig. 5. 1826. c 

Mr. Murchison’s Silurian System, partii. p. 680. pi. 15. fig. 31. 1839. 

No differences were observed between the Russian specimens of this coral, and those found in the 
Silurian formations of England. In Russia it occurs also in considerable masses, equalling many of the 
larger specimens obtained in the Wenlock limestone, one, from the Isle of Dago, measuring eight and a 
half inches m length, five in its greatest breadth, and three and a half in thickness ; and another of an 
oval form from Petropavlofsk on the east flank of the Ural Chmn, being about nine inches in one diameter, 
and five in the other. 

It does not appear to be a common fossil in Gothland, not being mentioned by Fougt in his memoir on 
the Corals of the Baltic, or by Hisinger in the Lethsea Suecica ; the author of these notes has also seen 
but one small fragment imbedded in a slab of encrinital limestone. It is believed to occur in one of the 
Silurian deposits of the bay of Christiania. 

Localities and Formations, in Lithuania ; Gothland ; Isle of Dago ; North of Petrozavodsk ; 
Petropavlofsk, q;nd between N. and V. Turinsk, east flank of North Ural ; Isles of Christiania Bay. 
Silurian. * 

Fenxstsllx, Miller. 

This genus was originally proposed by the late author of the work on Crinoidea, but it was first intro- 
duced into a published notice on fossil corals, in the Appendix to Mr. Murchison's ' Silurian System ’ 

> A second species of Aulopora {A. serpens ?) was found by Count Keyserling in the Devonian strata of Voroneje, 
but has not been submittetl to Mr. Lonsdale, 
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(part ii. p. 677. 1839). Varioua polypidoms, however, similar in structure with the carboniferous lime- 
stone fossils to which the name was applied by Mr. Miller, having been recently referred tu Gorgonia 
and Retepora, and the establishment of Fenestella objected to>, it has been deemed necessary to point 
out briefly the characters by which the latter genus is distinguished from the two former. 

From Gorgonia, whether limited according to Lamouroux, De Blainville and Ehrenberg, or considered 
more generally, as by Lamarck, Fenestella differs in its principal component structures. It has no con- 
tractile, separable, pulverulent crust, to which the cell of the polype is limited, nor has it represen- 
tative of an internal, hom-like axis, with or without a distinct central structure. The outer lamina, 
which in a state of decomposition may be said to resemble, to a certain extent, the crust of Gorgonice, 
consists, however, in a nearly perfect condition, of an apparently solid substance, more or less pierced by 
microscopic foramina, but bearing no trace of having been contractile, or largely composed of animal 
matter. On the side to which the cells are confined, it is very thin, except at the intervals where the 
cells bend suddenly outwards ; while on the reverse side, it was not developed till the coral had attained 
a certain age, after which it was gradually thickened, and it often attained considerable dimensions in 
the lower part of the stem. In some old specimens, when this reverse lamina is partially abraded, and 
the internal layer of vertical tubuli is exposed, the resemblance to ordinary, recent Gorgonise is con- 
siderable ; but a due examination of all the component parts will convince the observer that there is no 
generic identity. In the next place, as respects the cells, the differences are as great. « In Gorgonije the 
whole contractile crust, including the sides of the polype-cavities, is ])iJt a great development of the 
outer tunic of the cotnpound animal® ; whereas in Fenestellae, the laminae composing the outer surface 
and the other walls of the cells, agree closely in characters with the equivalent portions of true calca- 
reous cellular corals, and therefore had no intimate union or interblending with the membranes of the 
polype similar to that of Gorgonise. A careful consideration ofjijthese Aructures alone, will, it is bellfeved,* 
satisfy the palaeontologist, that there is not merely a generic, but a much greater distinction. With 
regard to the interior of the cord, a perfect dissimilarity again prevails. Beneath the thick series of 
obliquely overlying cylindrical cells, limited to one side of the coral, there is no axis formed of concen- 
tric bands variously composed, yet distinct in character from liie crust, but a parallel layer of vertical, 
capillary tubes, the walls of which differ not apparently from those of the cells. In the young states, 
this layer constitutes tlie outer surface of the non-cellular side, — a character not to be detected among 
Gorgonise, which develope, first, the perfectly surrounding crust, and then the fibrous or hom-like axis. 
The outer layer of the reverse side differs not, as before stated, essentially from the other Solid portion?^, 
and was clearly formed by secretions from vessels connected with the polype by means of foramina or 
tubulii in the same manner as in many cellular or tubular corals ; and it cannot be regarded, like the 
crust in Gorgonise, as the product of an investing animal substance. 

The characters thus imperfectly suggested for consideration, will, it is hoped, when better elucidated 
by accomplished palmontologists, lead to a right understanding of the corals Msigned to Mr. Miller s 
genus, and remove every doubt respecting their not being “ corticiferous polypidoms.” Had that author 
lived and published the intended work, the nature of these fossils would not have been misunderstood by 
any observer. , 

Between Fenestella and Retepora the agreement is much greater than in the pveceding case. In both 
genera the polype cells are limited to one side, and the reverse surface is formed as well as thickened by 


^ Description Anim. Foss. Terr. Houiller, &c. de la Belgique, p. 3, 1842. • , 

* See Dr. Milne Edwards' remarks on "Polypiers Corticif^res.” 2nd edit. Lamarck, Anim. sans Vert. ii. p. 464 
et 8eq, 1836. 
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secretioDB from the animal through foramina in the first instance, and horizontal channels subsequently : 
but in true Reteporee the intermediate layer of vertical capillary tubes is totally wanting, the corals pos« 
sessing tRat structure, and formerly included in the genus, having been removed from it by Lamouroux 
and other authorities. Among the minor distinctions may be noticed, the oblique arrangement of the 
cells in Fenestella, whereby they in part overlie each other, and are more or less suddenly bent towards 
the oral termination ; also the tendency to a cylindrical form and vertically lineal arrangement. If the 
meshes in Retepora generally can be regarded as the result only of oblique unions of branches, then the 
transverse processes in Fenestella, whether cellular or not, may likewise be considered as a generic di- 
stinction. A central dividing ridge, or the sculpturing exhibited on the cellular surface of some species 
of Fenestella cannot alone be regarded as an essential character, though no analogous structure appears 
to have been noticed ip Rfeteporse, the strength of the configurations depending generally upon the age 
of the specimen or of the part preserved, and the very existence being not unfrequently concealed by 
external thickenings. * Tliere are other details which the practised eye will detect and dwell upon, and 
render available in the aggregate ; but it is hoped that sufficient have been indicated to prevent the most 
inexperienced palaeontologist from assigning to Retepora such polypidoms as those under consideration, 
because they exhibit, at first sight, a certain amount of resemblance. 

Between Fenestella and Homera the agreement in some respects again is greater than in either of the 
preceding instancjjs, but there are important essential differences. In Homera there exists each of the 
three great structural charactors already shown to belong to Fenestella, namely, a polypiferous surface, 
an intermediate layer of capillary tubes, and a reverse outer crust produced at a Certain period of deve- 
lopment, and thickened by secretions from the animal. In the cylindrical or slightly polygonal form of 
the polype cavity, as well as in the oblique overlying position, there are also certain but limited agree- 
,mentf, the cavity being of very Iknited |xtent in Fenestella. Homera, however, has been shown by 
Dr. Milne Edwarejp to belong to the family of Tubuliporidae (Recherches sur les Polypes, Mem. sur les 
Crisies, &c.), and it never exhibits the structures about to be noticed. In many published figures, a row 
of relatively large foramina are delineated ranging down the central ridge (wh^re it exists) ; and they have 
been found to prevail in species possessing such divisional lines, whether one or more in number, but 
under different appearances, the foramina being sometimes near each other, sometimes at considerable 
distances, and generally in a straight row, though in one instance they were found to be arranged alter- 
nately or in zigzag. Occasionally they are entirely wanting. When the coral itself is not preserved, and 
the specimen* exhibits only a cast of the surface, a conical indentation usually represents the foramen ; 
and the difference is conjectured to arise from the outer covering of the opening having been destroyed 
where the coral is in part preserved, but impressed in a perfect condition where the cast only is exhibited. 
In the cast of a fine large coral which exhibited all the stmctural characters of Fenestellce, but in which 
the polype-nesidences were disposed in quincunx without any divisional ridges, there were no lineally dis- 
posed foramina or indqptations ; but over or a little on one side of many of the oral apertures, were 
minute, semi-spherical convex casts, and in a few instances a corresponding concave impression. Re- 
specting the true nature of time foramina or the chambers connected with them, no opinion is hazarded ; 
but it is believed that they are strictly analogous to the rows of apertures in the Lunulites, which have 
the cells arrangeef in pfrallel lines, and that the semi-spherical cavities in the specimen last alluded to 
may be considered identical in nature with the shallow cavities of frequent occurrence over the mouths 
in those species of Lunulites which have the cells disposed in quincunx. Beyond this comparison, and 
the inference that Fenestella should be considered as belonging to the same family of polypidoms as 
Lunulites, and therefore not to the Tubuliporidas, the author does not feel qualified at present to offer any 
remarks. 
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How far a perfect examination of the numerous fossils which have been considered referable to Penes- 
tella may suggest the necessity of forming subgenera, the describer cannot offer an opinion, mai^ of the 
published species not having been accompanied by detailed illustrations ; but he would suggest for the 
consideration of the palaeontologists, who may pursue the inquiry, the following generic characters for 
Fenestella : — 

A ramose t cellular, calcareous polypidom ; cells variously distributed on one side of the branches, with or 
without dividing ridges : branches connected by transverse or oblique processes, cellular or not, fastming gene- 
rally expansions or funnel-shaped bodies ; the latter with the cellular surface sometimes on the timer, some- 
times on the outer side ; cells cylindrical, obliquely arranged, overlying, mouths inclined outwards, more or less 
distant ; interior of mature specimens, a layer of vertical capillary tubuli ; reverse side of young specimens, 
the layer of tubuli — of mature specimens, a crust perforated by minute pores ; in aged specimens both cellular 
and reverse surfaces greatly thickened, all external ribs or sculpturing obliterated, an^ oral apertures more 
or less contracted', a row of foramina or chambers between the parallely disposed cells, or a small shallow 
cavity over the mouth in species with cells in quincunx. 

In the tabular list of Pei-mian fossils given in page 255, eight species of Fenestella are included ; but 
only Fen. infundihuliformis and Fen, retiformis claim particular attention. Fen. antiqua und^en.? dubia 
being included in the list on the authority of Schlotheim, and the other four species, FenSanceps, Fen. 
fiustracea. Fen, ramosa and Fen, virgulacea, not having been discovered in Russia. Fo^an opportunity 
of examining a fine series of English and continental specimens, the autEor is indebted to Mr. King, 
Curator of the Museuril of the Natural History Society of Northumberland and Durham ; and under- 
standing that that gentleman purposes to publish a monograph of British magnesian limestone fossils, lie 
feels it is totally unnecessary for him to offer any remarks on the English species, further than his belief 
that they possess all the essential structures of Fenestellse. Walh respect to Fen, anceps, which exhi^ts 
a peculiar mode of growth, he conceives that, unless this character be accompanied by> other more im- 
portant differences, it should not be regarded as the grounds for a generic separation. 

9 

Fenestella infundibuliformis. 

Irregularly bifurcated; branches compressed, broad; rows of cells exceeding two, alternate ; capillary tubuli 
distinct ; no external layer exhibited on the reverse side. 

Gorgonia infundibuliformis, Goldfuss, Petrefacta, p. 98. pi. 36. fig. 2 a (Ural); De Blainville, Man. 
d'Actinol. p. 506. 

The principal fragment of tlie coral assigned to this species scarcely exceeded three lines in height and 
width, but it agreed perfectly, so far as it could be compared, with the Ural fossil figured by Goldfuss. 
Under the same name that authority has also included the Escharites retiformis of Schlotheim from the 
Zechstein of Thuringia, and another polypidom from the older pala?ozoic rocks of Wiipperfurt. Con- 
fining, however, the attention to the Permian or zechstein corals, a comparison of figure 2 « in plate 36 of 
the ‘ Petrefacta,' and the Russian specimen collected by Mr, Murchison with figures 2 b, 2 c, proved a 
perfect want of agreement in the form and arrangement of the branches as well as of the cellular o])en- 
ings, especially as the Russian specimen was evidently not aged. It was thereforg considered right to 
adopt M. de Blainville's limitation of the specific name infundibuliformis to the Russian fossil (loc, cit,), 
and to retain M. Schlotheim's retiformis for Fenestellse, agreeing in character with the zechstein polypi- 
dom of Thuringia. The imperfect condition of the specimen did not permit any structural details to be 
ascertained, demanding special notice. ' 

Locality and Formation, — Ilchegulova, in the Government of Orenburg. Permian. 

4 M 
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Fenestella retiformis P 

Funnehshaped or foliaceous; branches slender ^ approximate, bifurcated; cells small, bi-tri- serial, rows sepa- 
rated by narrow, irregularly tubercled ridges ; transverse processes short, occasionally cellular; reverse 
side, outer surface smooth. 

In the list of synonyms in the Table, p. 255, the references to Goldfuss are limited for the reasons 
stated in the notice on Fen, infundibuliformis , and of the identifications given by Geinitz in the * Gsea 
von Sachsfcn,’ j). 98, it is considered that Retepora (Fen.) flustracea should be omitted, the English fossil 
differing from Fenestella retiformis, as figured by Goldfuss (Petref. Gorg. infundibuliformis, pi. 36. fig. 2. 
b, c), in the extreme slenderness of the branches, and the absence of the persistent, closely-set row of 
cellular mouths, or posfibly abraded vesicles, along the middle ridge. The reference to Ehrenberg, also 
given by Geinitz, should be equally omitted, as the fossil is not a corticiferous coral ; but it must be ob- 
served that Ehrenbeig himself expresses doubts respecting the true nature of Goldfuss's Gorgonia infundU 
buliformis. (Beitriige, &c., p. 140, 1834.) 

The Russian specimen assigned doubtfully in this notice to Fen. retiformis had not been examined by 
the describer when the table of Permian fossils was prepared. It agreed with M. Goldfuss’s figure 2 A, 
plate 36, irt the foliaceous mode of growth, in the branches ranging parallelly and almost close together, 
in the angufar form of the celluliferous surface, and in the prominence of the lateral rows of mouths. 
Along the cast of the dividing ridge there was also a row of indentations, answ’ering to the middle series 
of openings in figure 2 c of Goldfuss ; but they diifered from the casts of the lateral rows of mouths in 
being conical pits and not annular impressions. No bifurcations are given in the figure last referred to, 
but in the Russian fossil they were numerous, and were preceded for a little distance by an interpolated 
roY of cells, the three series beiyg separated by two lines with conical impressions. 

^Locality and Formation. — Kniaspavlof’a, near Arzamas. Permian. 

c 

The two following species are from the Carboniferous system. 

Fenestella Veneris ? , 

Foliaceous; branches slender, straight, distantly bifurcated; no increased width at the bifurcations; trans- 
verse processes slightly curved upwards ; meshes elongated, narrow. 

Retepora Veneris, Fischer de Waldheim? Oryc. du Gouvem. de Moscou, p. 165. pi. 39. fig. 1. 

The specimen from which the above defective characters were obtained agreed perfectly with M. Fis- 
cher’s description and figures, but the siliceous mode of preservation, and the non-cellular surface only 
l)eing exposed, nothing respecting the internal structure or the arrangement of the mouths could be 
ascertained. It was nevertheless considered correct to remove the fossil from the genus Retepora. 

Locality and Formation. — Stretinsk, south-east of Kungur. Carboniferous limestone. 

• Fenestella Martis P 

FoliaceotLS ; branches flat, very broad previous to bifurcation, in general unequally narrow immediately subse- 
quent; meshes oval; cells 2-5 rows, alternate; transverse processes rarely cellular ; vertical tubuli of 
intermediate layer relatively large; reverse side, outer crust thick, smooth, minutely foraminated. 

Retepora Martis, Pischer de Waldheim ? Op. cit., p. 165. pi. 39. fig. 2 (Serpukhof). 

The specimen under consideration agreed, so far as it could be compared, with M. Fischer’s coral, but 
as a complete structural identity could not be made, it was deemed advisable to regard the specific deter- 
mination as doubtful.^ 

The specimen was slightly curved, about one inch and a quarter in height and breadth, the branches 
diverging as from a centre, and not from a funnel-shaped base ; and it was imbedded with the cellular 
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side downwards in a hard crystalline matrix which did not admit of mechanical removal. The exposed 
surface consisted chiefly of the dorsal terminations of the cells, with patches of the tubular layer and a 
few fragments of the outer crust. The extremities of the cells occupied the whole width and length of 
the branches, and they varied slightly in size, but bore no resemblance to the terminations of true tubular 
polypidoms. ITie bifurcations were very irregular in position, being sometimes near together, but some- 
times separated by considerable intervals ; and the inequalities in the subdivided branches for a short 
distance were often very marked. The tubular layer was thin, but the outer crust had relati-^^dy a great 
thickness, modifying the form and size of the meshes. The perfect characters of the cellular surface could 
not he ascertained. 

Locality and -Forwia/ion.— Goradofka, in the coal-region of the Donetz. Upper carboniferous limestone 
with Fusulinae and coal. See p. 97, and PI. 1. f. ‘2. * , ^ 

Anthophyllum ? incrustans* * 

Incrusting ; tubes lamelliferous? short, more or less conical, not in contact, interspaces occupied by variously 
arranged lamintB, 

Calamopora incrustans, Phillips? Illustrations, Geol. Yorkshire, part ii. p. 200. pi. 1. figs. 63, 64. 

In the Table of Permian fossils (p. 255) the generic determination of this coral is given doybtfuUy, and 
it must be considered os quite provisional, the only specimen which the describer has se%n being imper- 
fectly preserved. He has, nevertheless, deemed himself warranted not to consider it a Favosites (Cala- 
mopora) on account of* the laminated interspaces between the tubes ; and it was this structure which 
induced him to assign the fossil to Anthophyllum as restricted by Ehrenberg. 

The tubes were generally narrow at their lower extremity and widened very gradually. The greatest 
ascertained length was one line, and breadth at the upper end Jialf a !ine. They were often much’*in- 
clined for a third of their range, and were seldom wholly vertical. Traces of lamelloe ^yere noticed, but 
they were very indistinct. Around the best-preserved mouths was a marginal swelling, indicative, pro- 
bably, of the semi-globular protuberances represented in Mr. Phillips’s magnified figure of Cal. incrustans 
{Op. cit., pi. 1. fig. 64). The intertubular structure, as exposed in a side section, consisted of transverse 
fine laminae (see also fig. 64), and on the upper surface of similar plates, but arranged vertically, and more 
or less reticulated. No distinct rows of foramina were noticed on the sides of the tubes. 

Locality and Formation. — Ust-Vaga, i. c. debouchure of the Vaga into the Dwina. Permian. 

• 

Stenopora * . 

Under this generic name it has been proposed to include certain corals composed of elongated tubes, 
and which exhibit at one period of development the peculiarity of a perfectly closed mouth. It is be- 
lieved that many palaeozoic polypidoms wliich have been assigned to the genera Ceriopora and Millepora 
will be found to be referable to it. ^ 

In a recent notice on some Australian corals, the following generic characters were given : — 

** A ramose, spherical or amorphous tubular polypidom ; tubes polygonal or cylindrical, radiated from a centre 
or an imaginary axis, contracted at irregular distances, but in planes parallel to the surface of the specimen ; 
tubular mouths closed at final period of growth ; ridges bounding the mouths, granulated or tuberculated ; 
additional tubes interpolated"^.** 


* In the Table, p. 255, the generic name Tubuliclidia appears, but it having been considered objectionable, Ste- 

nopora has been substituted for it. * 

* Physical Description of New South Wales, &c., by P. E. Strzelecki, p. 262, 1845. ^ 

4 M 2 
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tr/kSKtmtt ItmIm ilmdtr. ^frtimml*. ^hrta^^4: ttOt matt. ki^.mrkt. raw 
rtttiifwmrm. irrtfmMjf t u i t r cMrU^; trmmtverm p rtrttm $kmi. ae t mw Mttf nOtbt: rmrm 

4MIiI^» Miif* W(Kffwt0 $WH>Pih* 

111 the lilt of lynofiTioR in the Table, p, 255, the refewsncet lo OoldfiiM me Unutnd fwr tlm fomoili 
fil M I in tiw noiite on An. v^m^imii/wmi * , and of tbe ideotitoitiotti given hf Oetniti in the * Om 
on Sndu&n.* p* 9B. it it contidemi that RHtfM/rm (An.) /ntrmrin thonld he omitted* the Kngliab foeafl 
liflering from Femn^fU^ rHi/t»rma, at figtired by Goldfnt* (Petrrf. G«rf, im/wtdikm^fvrwitB, pl« 56. fg. 2. 
. r). in the rxtranr tlendamcm of the branchet. and the abaence of the pertittent, rkmljr-ttl vow of 
xUakr mootht. or pottiblj abraded Teaiclea, along the middle rid||;e. The reference to Khvenberf « abo 
^een by Geiiiita, tlioiild be equally omitted, at the fomil it not a cofticUeroot coral : but It mutt be ob* 
^ed that Ehrenbevg bimielf rxpremei donbct mpcetiiig the tme nature of OokUiiai*t Garfmm 
UiH/ormui, (Beitrage. &c,. p. 140. 1554.) 

The Rottian tpecimen ataigued doubtfully in tbit notice to An. rrtifmrmiM bad not been examined by 
he detcriber when the table of Permian foatib wat prepared. It agreed with M. OokMtim't hgurr 2 h, 
date 56. in the fuliaceout mode of growth, in the brattchet ranging parmlklly and almont elote together. 

the anguitf form of the cellulifcrout turfrwe. and in the prominence of the lateral rt>WR of moutht. 
Jong the catt Zi the diridii^ ridge there was alto a row of indcntationp. answering to the middle aeriea 
: oprnings in figure 2 e of Goldfum . but they differed from the cajit» of the lateral rowi of mouthi in 
?ing eonkmi pits and not annular impreMsons. No bifuremtioof are given in tl^ figure lait referred to, 
t in the Rnaatan fosail they were numerous, and weve preceded for a littk distance by an Intrrpolatffd 
qr of ceOft, tbe three setics betgg teparated by two tinea with rocucal impreaeions. 
md Fmrnrnkm, — Kntatparkifa. near Aminas. Piemtan, 

t 

Tbe two tbUowiiig apecica art from the Carboniferous system. 

Awcelf fla ream# ^ 

^afiareonj, hraaches ffendrr, dislaalfy ht/nreafed; su imertmsed width af the hifareulioas ; Iraas- 

vtrwe processer tligktiy carred vpirardt ; ■wsiea efoapaled, marrow. 

Retrporm VrmeriM, Ftseber de ^*akihcim? Oryc. du Gouvem. de Moscou. p. 165. pi. 39. fig. 1. 

Tbe spe^imeo from which the above defective characters were obtained agreed perfectly with M. Ftp- 
cber*t description and figures, but tbe siliceous mode of preservation, and tbe non«ceUular surface only 
being exposed, nothing respecting the internal structure or the arrangement of the mouths could be 
ascertained. It was nevertheless considered correct to remove the fossil from the genus Retepora. 
Locality and Format ion. ^Stretuuk, south-east of Kungur. Carboniferous limestone. 

• Fenestella Martis ? 

Foliaceows; branches flat, very broad previous to bifurcation, in general unequally narrow immediately subse- 
quent ; meshes oval ; cells 2-5 rows, alternate ; transverse processes rarely cellular ; vertical tubuli of 
intermedialp layer relatively large ; reverse aide, outer crust thick, smooth, minutely foraminated. 
Retepora Martis, Fischer de Waldheim ? Op. cit., p. 165. pi. 39. fig. 2 (Serpukhof). 

The specimen under consideration agreed, so far as it could be compared, with M. Fischer’s coral, but 
as a complete structural identity could not be made, it was deemed advisable to regard the specific deter- 
mination as dobbtful.^ 

The specimen was slightly curved, about one inch and a quarter in height and breadth, the branches 
^verging as from a centre, and not from a funnel-shaped base ; and it was imbedded with the cellular 



APPENDIX A. (LONSDALE ON CORALS.) 


631 


iidi dtfi m wi rit in a bard OTrstalUnc matm which did not admit of mechanical removal. The expoaed 
inirfMe oo t ll itfd cbtatty of the donal terminatiomi of the cell*, with patches of the tubular layer and a 
inr of the outer crust, 'fhe extremitiei of the cell* occupied the whole width and length of 

the bfaacHca, and they varied slightly in size, but bore no resemblance to the termination* of true tubular 
polypUoBsa» The bifurcations were very irregular in position, being sometime* near together, but 8ome> 
sqianitad by eoostderable interval* ; and the inec^ualitie* in the subdivided branches for a short 
were often very marhod. The tubular layer wa> thin, but the outer crust had relati^ly a great 
Ihhdcneas* modify ing the form and size of the meshes, 'llie {>erfect characters of the cellular surface could 
not be asocrtaified. 

[jMr miiiy mui fomitf/ios. — Goradofka, in the coal- region of the Donetz. Upper carboniferous limestone 
with FuvuluttS and coal. See [i. V7, and FI. I. f. *2. • 


Anthophyllum inrruftan»» 

/aerwsfiag ; tvhfM Uimeilifertms ' r/iorf, more or less conical , aot in contact, interspaces occupied by variously 

QiUmopora merMStans, Phillips r Illustrations. Geul. Yorkshire, part ii. p. 200. pi. 1. figs. 63, 64. 

In the Table of Permian fossils (p 2a.>) the generic deterrai nation of this coral is given doubtfully, and 
it must be considered as quite provisional, the only specimen which the describer has sean being imper- 
fectly ^uttferrtd. He has, nevcnlu less, deemed himself warranted not to consider it a Favosites (Cala- 
ntopoim) on nccount the UmiiwU-J intersjaices k-tweei. Uic tuiw! ; and it wa* this structure which 
indiueti him to nmiffn the (owil to AnthophTUum as restricted by Ehrenberg. 

The tobca we*e grnendlT narrow at their lower extremity and widened very gradually. Tlie greatest 
UtttWtA length w« one 'line, and hr...dth at the upper end a line They were often muchrin- 
cUned for • thinl of their range. «.d were -cldom wholly vertical. Traces of lamell* vyere noticed, but 
thrr were vrrr iwtoinrt Around th< la -t-preserved mouths was a marginal swelling, indicative, pro- 
taSr of the Ktmi.globuUr protuberances n .resented in Mr. Phillips's magnified figure of C«/. mcrus/aa. 
lOu cil pi 1 % 6^)• intertuhular .iructurc. as exposed in a side section, consisted of transierse 

or tem reticulated. So distinct rows of tV.r; n..ua were noticed on the sides of the tubes. 

«mf >’onaa/io«.-L-8t.\-Bga, i. e. d.ourhurr of the Vaga into the Dwina. Permian. 

Sft’Hopora ' . 

Under this generic name it has been pro.K.sed to include certain corals composed of elongated tubes, 
and which exhibit at one period of developme nt the pcculianty of a perfectly closed moutli. It is 

Ir p,wirp..md». *>■ 1..,' u™ .. .e.™ c,riop«. »d s.ds,«. 

will be found to be referable to it. 

In a recent notice on some Australian corals, the following generic characters were gii en . 

^^A^spkericaloran.orpl^tul,ularpol,pidon,,tubespoly^^^^ 

tubular maulha closrd at final period of growth ; ndgee boundmg the mouths, gronulatea 
additional tubes interpolated 


™ T.b.iidk,» .pp-. « » I.™. 
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Fenestella retiformis ? 

Funnehshaped or foUaceous; branches slender, approximate, bifurcated; cells small, bi-tri-serial, rows sepa- 
rated by narrow, irregularly iubercled ridges ; transverse processes short, occasionally cellular ; reverse 
side, outer surface smooth. 

In the list of synonyms in the Table, p. 255, the references to Goldfuss are limited for the reasons 
stated in the notice on Fen, infundibuliformis , and of the identifications given by Geinitz in the * Gaea 
von Sachsen,' p. 98, it is considered that Retepora {Fen,) flustracea should be omitted, the English fossil 
differing firom Fenestella retiformis, as figured by Goldfuss (Petref. Gorg, infundibuliformis, pi. 36. fig. 2. 
b, c), in the extreme slenderness of the branches, and the absence of the persistent, closely-set row of 
cellular mouths, or possibly abraded vesicles, along the middle ridge. The reference to Ehrenberg, also 
given by Geinitz, should be equally omitted, as the fossil is not a corticiferous coral ; but it must be ob- 
served that Ehrenberg himself expresses doubts respecting the true nature of Goldfuss's Gorgonia infundi- 
buliformis. (Beitriige, &c., p. 140, 1834.) 

The Russian specimen assigned doubtfully in this notice to Fen, retiformis had not been examined by 
the describer when the table of Permian fossils was prepared. It agreed with M. Goldfuss's figure 2 b, 
plate 36, iif the foliaceous mode of growth, in the branches ranging parallelly and almost close together, 
in the angu^ar form of the celluliferous surface, and in the prominence of the lateral rows of mouths. 
Along tlie cast of the dividing ridge there was also a row of indentations, answering to the middle series 
of openings in figure 2 c of Goldfuss ; but they differed from the casts of the lateral rows of mouths in 
being conical pits and not annular impressions. No bifurcations are given in the figure last referred to, 
but in the Russian fossil they were numerous, and were preceded for a little distance by an interpolated 
roy of cells, the three series bei^jg separated by two lines with conical impressions. 

^Locality and Formation, — Kniaspavlofa, near Arzamas. Permian, 

€ 

The two following species are from the Carboniferous system. 

Fenestella Veneris ? , 

Foliaceous; branches slender, straight, distantly bifurcated; no increased width at the bifurcations; trans- 
verse processes slightly curved upwards ; meshes elongated, narrow, 

Retepora Veneris, Fischer de Waldheim? Oryc. du Gouvem. de Moscou, p. 165. pi. 39. fig. 1. 

The speqjmen from which the above defective characters were obtained agreed perfectly with M. Fis- 
cher*a description and figures, but the siliceous mode of preservation, and the non-cellular surface only 
being exposed, nothing respecting the internal structure or the arrangement of the mouths could be 
ascertained. It was nevertheless considered correct to remove the fossil from the genus Retepora. 
Locality and Formation, — Stretinsk, south-east of Kungur. Carboniferous limestone. 

c Fenestella Mortis ? 

Foliaceous; branches flat, very broad previous to bifurcation, in general unequally narrow immediately subse- 
quent ; meshes oval; cells 2-5 rows, alternate; transverse processes rarely cellular ; vertical tubuli of 
%ntermedia{e layer relatively large ; reverse side, outer crust thick, smooth, minutely foraminated, 
Retepora Mortis, Fischer de Waldheim? Op. cit., p. 165. pi. 39. fig. 2 (Serpukhof). 

The specimen under consideration agreed, so far as it could be compared, with M. Fischer’s coral, but 
as a complete structural identity could not be made, it was deemed advisable to regard the specific deter- 
mination as ddhbtful.^ 

The specimen was slightly curved, about one inch and a quarter in height and breadth, the branches 
diverging as from a centre, and not from a funnel-shaped base ; and it was imbedded with the cellular 
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side downwards in a hard crystalline matrix which did not admit of mechanical removal. The exposed 
surface consisted chiefly of the dorsal terminations of the cells, with patches of the tubular layer and a 
few fragments of the outer crust. The extremities of the cells occupied the whole width and length of 
the branches, and they varied slightly in size, but bore no resemblance to the terminations of true tubular 
polypidoms. llie bifurcations were very irregular in position, being sometimes near together, but some- 
times separated by considerable intervals ; and the inequalities in the subdivided branches for a short 
distance were often very marked. The tubular layer was thin, but the outer crust had relati^ly a great 
thickness, modifying the form and size of the meshes. The perfect characters of the cellular surface could 
not be ascertained. 

Locality and Formation, — Goradofka, in the coal-region of the Donetz. Upper carboniferous limestone 
with Fusulinse and coal. See p. 97, and PI. I. f. 2. * , ^ 

Anthopliyllum9 incrustans, * 

Incrusting ; tubes lamelliferous? short, more or less conical, not in contact, interspaces occupied by variously 
arranged laminm, 

Calamopora incrustans, Phillips? Illustrations, Geol. Yorkshire, part ii. p. 200. pi. 1. figs. 63, 64. 

In the Table of Permian fossils (p. 255) the generic determination of this coral is given doybtfully, and 
it must be considered as quite provisional, the only specimen which the describer has sewi being imj)er- 
fectly preserved. He has, nevertheless, deemed himself warranted not to consider it a Favosites (Cala- 
mopora) on account of» the laminated interspaces between the tubes ; and it was this structure which 
induced him to assign the fossil to Anthophyllum as restricted by Ehrenberg. 

The tubes were generally narrow at their lower extremity and widened very gradually. The greatest 
ascertained length was one line, and breadth at the upper end Jialf a line. They were often much'*in- 
clined for a third of their range, and were seldom wholly vertical. Traces of lamellae ^yere noticed, but 
tliey were very indistinct. Around the best-preserved mouths was a marginal swelling, indicative, pro- 
bably, of the semi-globular protuberances represented in Mr. Phillips’s magnified figure of Cal. incrustans 
(Op. cit., pi. 1. fig. 64). The intertubular structure, as exposed in a side section, consisted of transverse 
fine laminae (see also fig. 64), and on the upper surface of similar plates, but arranged vertically, and more 
or less reticulated. No distinct rows of foramina were noticed on tlic sides of the tubes. 

Locality and Formation. — Ust-Vaga, i. c. debouchdre of the Vaga into the Dwina. Permian. 

% 

Stenopora * . 

Under this generic name it has been proposed to include certain corals composed of elongated tubes, 
and which exhibit at one period of development the peculiarity of a perfectly closed mouth. It is be- 
lieved that many palwozoic polypidoms which have been assigned to the genera Ceriopora and Millepora 
will be found to be referable to it. ^ 

In a recent notice on some Australian corals, the following generic characters were given : — 

ramose, spherical or amorphous tubular polypidom ; tubes polygonal or cylindrical, radiated from a centre 
or an imaginary axis, contracted at irregular distances, but in planes parallel to the surface of the specimen ; 
tubular mouths closed at final period of growth; ridges hounding the mouths, granulated or tuberculated ; 
additional tubes interpolated^ ** 

* In the Table, p. 255, the generic name Tubuliclidia appears, but it having been considered oDjectionable, Ste- 
nopora has been substituted for it. ’ 

* Physical Description of New South Wales, &c., by P, E. Strzelecki, p. 262, 1845. ^ 

4 M 2 
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Stenopora tpmigmi, sp. n. 

Itamose^ branekes eylindricai, slender; tubes divergent, inclination variable, in close contact slightly poly- 
goned or drcular; mouths, when open, round or oval, with sharp boundary ridges; when partially or 
wholly closed, ridges thick; bold, spinous projections, irregularly situated. (Plate A. iig. 11.) 

The finest specimen of this coral which was examined, consisted of a mass of fragments five inches in 
length, two and a half in breadth, and about one and a quarter in thickness. The diameter of the full- 
grown branihes rarely exceeded a line, but they sometimes swelled suddenly and then contracted. The 
tubes in general diverged slightly, and the openings were in consequence for the greater part oblique to 
the surface and oval. No contractions previous to those connected with the final closing of the oral 
apertures were noticed. 

Localities and Formation . — In addition to the Permian localities given in p. 255, may be mentioned 
Sakmarka, west flank of the South Ural. Permian limestone. 

Stenopora crassa, sp. n. 

Ramose ; branches thick, divergent ; tubes long, slightly inclined and polygonal in the oris of the branches ; 
towards^ the periphery, suddenly bent outwards; contractions occasionally visible in the bent portions; 
outer sutface imperfect. (Plate A. fig. 12.) 

This species was distinguished from the preceding by the branches attaining in one portion of the spe- 
cimen three quarters of an inch in diameter, and an altitude exceeding three inches. The tubes were 
slender, not exceeding the fourth of a line in diameter ; but they were sometimes three lines in length 
before they inclined outwards, and two afterwards in the bent portion, or five lines in all. Proofs of 
contractions within the tubes weii^ detected in many places near the circumference of the branch, but 
the) were not so developed, on account, possibly, of the state of the specimen, as to exhibit the decided 
lineal range exhibited by some Australian species {Op. cit., pi. 8). The outer surface was abraded, and 
the characters of the mouths or dividing ridges could not, consequently, be ascertained previously to the 
final narrowing of the oral aperture or after its completion. 

Locality and Formation. — Ust-Vaga (junction of the river Vaga with the Dwiua). Permian. 


" DESCRIPTION OF PLATE A. 

PALiEOZOIC CORALS OF RUSSIA. 

Fig. 1. Columnaria sulcata. — 1, exhibits the general mode of grouping and interpolating additional co- 
lumns, natural size ; 1 a, portion magnified to show the straight divisional line between the columns ; 
also the characters of young columns ; 1 5, 1 c, a terminal cup, natural size and magnified, p. 601. 

Fig. 2. Stylastrwa inconferta. — 2, represents the vertical mode of growth, and the tendency of the columns 
to separate along the outer surface of the walls ; also a perpendicular internal section, natural size ; 
2 a, exhibitif the bi-plated structure of the lamellae, and the plumose markings on the inner surface 
of the plates ; 2 S, gives the commencement or base of a young column springing from within the 
area of an old one, and at the point where the separation in the outer walls took place, natural size ; 
2 c, anothei;instance of a young column by the side of an older *), the crest springing from the 
undivided walL indicating the line of separation, natural size. (p. 621.) 

Fig. 3. Mkhelinia ccacwiic.— 3, exhibits the general characters of the tenninal upper surface and a lateral 
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poliBhed section ; 3 a, the side section magnified to show the arrangement of the transverse plates 
and the existence of foramina, (p. 611.) ^ 

Fig. 4. Diphyphyllum concinnum, — 4, general characters of an undivided stem, natural size ; 4 a, exterior 
of a divided stem, natural size ; 4 b, interior of a divided stem to show the perfect bi-partition of the 
central structure and the uninterrupted continuation of the outer vesicular band or zone, natural 
size ; 4 c, magnified portion of the interior to exhibit the analogy with the centre of Cyathophyllum. 
(p. 624.) t 

Fig. 5. Lithodendron atmulatum. — 5, group of stems to show the mode of occasional union, natural size ; 

5 a, vertical section to explain the nature of the central plates, (p. 599.) 

Fig. 6. Caninia Ibicina. — 6, illustrates the characters of the lower portion of a stem, natural size ; to the 
left of the upper part the outer or vesicular zone is in contact with fragments of the lamelliferous 
zone ; a little lower the vesicular zone is greatly diminished, and near the bottom the figure shows 
correctly that the structure of the coral was there limited to the lamelliferous zone, and the central 
area composed of transverse diaphragms ; the siphon-folds were not noticed in this specimen ; 6 c, 

6 i, fragment of also a lower or bi-areal portion, but with the siphon folds preserved, natural size, 

and magnified ; 6 c, a baseal termination, consisting of lamellae in nearly close contact, with faint 
indications of a central structure, natural size ; 6 d, portion of upper part of 6 c magnified to exhibit 
the siphon and concentric laminae, (p. 617.) * 

Fig, 7. Tryplama aquabilis, — 7, gives, under various conditions, the vehical rows of foramina which 
perforated the laihelke, natural size ; 7 fl, an oblique transverse section, showing near the outer walls 
foramina in the substance of the lamellae, and towards the centre rows of detached circles, indicating, 
it is believed, that the foramina terminated on the edge of the lamellae in tubuli, naturW size. 

Fig. 8. Tryplasma -ITiis coral, believed to be the %j/athopltyllum articulatum of M. Hisiljjger/ 

a Gothland fossil (Lethaea Suecica, pi. 29. fig. 4), is given to prove, that the peciiiar characters ex- 
hibited by Tryplama aquabilis occur in another coral with a sufficient amount of differential structure 
to warrant the establjphing of a second species, and therefore the proposing of the sub-genus. 
Fig. 8 illustrates the general structure shown by a vertical section of the natural size, and 8 a gives 
a magnified view of the foramina ; 8 6, 8 c, exhibit, in the natural size and magnified, superior termi- 
nations of the columns, with tubular projections along the edges of the lamellae. 

Fig. 9. Chateies radwww.— In fig. 9 the parallel, curved lines mark the position and range of the bands 
of diaphragms ; 9 a, is given to illustrate the production of additional columns by vertical plates 
developed within the area of pre-existing columns ; the figure exhibits accurately the characters of 
the plates in transverse and perpendicular sections ; it shows also the nature of the diaphragms. 

Fig. 10. Chatetes Petropolitanus. — ^Fig. 10 gives the general but irregular distribution of the diaphragms 
over the whole surface, and not limited to bands as in Chetetes radians, magnified; 10 a, portion of 
a large globular specimen in which the diaphragms occurred throughout the»vertical section in the 
manner exhibited, natural size. 

Fig. 11. Stenapora spinigera . — Magnified figure, with mouths more or less closed. 

Fig. 12. Stenopora crassa. — 12, general characters of the coral; 12fl, contracted tube«^ magnified. 

Fig. 13. Strmbodes , — transverse section for comparison with the English carboniferous species. 

The Plate was lithographed by Mr. J. de Carle Sowerby with his habitual attention to truthfulness of 
character. 
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Tabular Lisi Corals included in cAe preceding Notes. 



Stromatopon .. 
1 coDcentrica 


Goldf. 

ijGoldf. Petref. p.SS. pl.8. f.5. nn/r, p.63(!. 


Sjiiniroponi Goldf. 

1 pamleU Hamioditet id. Fisch. Oryc. p.l6l. pl.37. p.spi.. . 

S dintana Harmodites id. Fisch. Oryc. p.lGl. pl.S'* f>l» 8 * p.sps.. 


. Naini, Iile of Dago, North of Petroiavodak, 
I PetropavloMc and between N. and V. 

Turinik in the north, Und Mountaina. 

. Miatehkova, Perimiahel, Vitegra, Ilinak, 
Tchiuaovaya R., (C.), Odt^et (D. ?) 

. Shidrova, R. Vaga (Drift of Carboniferoua 
Limeatone.) 


kbyiinthica Goldf. Petref^.75. pl.SS. f.5. Halraitesid. Fiach. Oiyc. p.l64. pl.SS. 

f. 1,3.4. dSfr.p.^S * Iide of Dago, Niuui, and Shavli in Lithu* 


Chietetes .. 
1 radians 

9 dilafatw 


Fischer. 

FWh. Orrc.fi.l6o. pl.36.f.6. an/r, |i.59.'i. PI. A... 


3 dil a f a tw s FWh. Oryc. p.l60. pl.36. f.9. ante, p.ftQfi 

3 PetropoUtaaus .... ante, p.S^. V\.K. f 10. Favosites id. Pander BeitrUge, p.lOO. pl.l. 

f.8-11 • 

Farositcs Lamk. 

1 alreolaris Goldf. Petref. pp.7r.24.'i.pl.26.f.l.fl«fc,p.6l0 • 

2 polymorpha • Goldf. Petpcf. pp.79. 245. pl.27. f.2. ante, p.610 • 


Michelinia Be Koninck. 

1 condnna Lona. ante, p.6l 1 . PI. A. f.3 

lithodendron Schwugger. J. Phillips. 

1 costatum Lon*, ante, p.59H. woodcRt 

9 annulatum Lmu. ante, p.spy. PI. A. f.5 


concameratum .... Lon*, ante, p.599 • 

4 fiuneulatain J. Phillip*. Geol. Yorks, ii. p.202. pl.2. f.l6, 17. ante, p.6oo — ... * 

Cladoeora Ehrenberg. 

1 ?samMntoea Ions, aa/c, p.6oo • 

Cohunnaria Goldf. f 

1 ideata Goldf. Petref. p. 72. pl.24. f.g. ante, p.601l PI. A. f. 1 • 

Lhhostrotion Lhwyd. Fleming. 

I emardatum AstrseAd. FWh. Oryc. p.LM. pl.Sl. f.5. ante, p.6o3. woodcut • 

3 mammillare lAstreea id. Fucb. Oiyc. n. 154. pl.Sl . f.2, 3. ante, p.6o6. wotxlcut • 

3 astimdes iLons. ante, p.607. woodcut • 

4 floriforme Fleming, Bnt. Aium.p.50S. ante, p.608, woodcut . • 

. Strombodea iSchweigger. 

■pecies not named. .jaa/c, p.6l4. PI. A. f.l3 * 


Miatehkova, Rorovitchi, Kaluga, Vitegra. 

, Miatehkova, Rorovitchi. 

, St. Petenburgh and Esthonia pauim. 

Dago, Petropavlo&k and Vol8hankaR.( Ural). 
Katchukof on the Upper Bielaia, Uxiansk 
Zavod and East of Ala-tau, South Ural, 
Petropavlobk, North Und. 

Ust-Koiva, West flank of Ural Mountaina. 

Perimiahel, South of Kaluga. 

River Issets, E. of Rkaterinbuiw, llinsk, on 
thcTcfarusova^ W. side of Ural Mountaina. 
River Oceter, Government of Tula. 

River Tchuasovaya, West side uf Und Moun- 
tains. 

Kamensk, E. of Ekaterinburg. ' 


. Habaal (Baltir Coast!. 

I 

, Rororitchi, near Valdai. 

. Priksha, Valdai Hills. 

, Pinega (60 vents west of Tchussovaya R.). ' 
. Rorovitchi, Valdai Hills. 


CyathophyOnm iGoldf. 

1 turoinatum iGoldf. 


Petref. p.56. |d.l6. f.8. ante, p.612. . 


I aequabilia Lons. p.fllS. PI. A. f.7 • '?) ' 

, Cyatiphjllum Lons. I 

impunctnm Lons, ante, p.fllS • . . . . ' 

rMihfiiM Michelin. 

1 apecies not nanied..iaw/c, p.6l6 • 

9 Imona? ....|Tnrbinoliaid.F«ch.?Oryc.p.l53.pl.30. f.5. ante, p.fliy.Pl.A.f.fl. .... * 

Andiophyllum Schweigger, Ehrenlierg. 

1 ? mcruatans Calamopora id. Phillips's Geol. Yorks, ii. p.200. pi. l . f.63, 64. ante, 

pp.255.631 

StylMtnMu 

J ineonferta Dona, ante, p.621. Pi. A. f.2 • 

Diphjpbynam Dons. 

1 eoncuinum Lons, ante, p.|g4. PI. A. f.4 • 

Montieularia Lamk. 

1 Stetnfaecfil Hydwqdiormui. Fricb. Oryc. p. 157. pl..34.f.6.an/c,p.624 * 

Pontes Lamk. 

, pyriformb Ehienberg, Beitr&ge. p.l20. Astraea porosft, Goldf. Petref. p.64. 

* pL2l. f.r.on/c, p.o25 ♦ 

Aulopora Ooldff 

1 •conglomenua ?.... Goldf. Petref. jnSfl. pi.29. f.4. ante, p.696 • 

gtmtopora Loos. 

1 apinigera Loiis.aii/e,pp.255,631. FLA. f.ll 

2 crasaa Lons, ante, pp.255. flS2. PLA. tl2 

Feneatells Miller. 

1 ^ tnfundibttlifofinis.. iM/e, ^.629. see also p. 255 for ReteeneM 

2 retiformis 7 ante, p.620. ak» p.S55 

3 Veneris 7 ante, p.flflo. Rcteixira id. naefa.? Oryc. p.lflS. pl.sg.f.l * 

4 Martis 7 ante, p.630. Ret. id. Fiach. 7 Oryc. p,105. pl.3g. f.S * 


I'lsa River, junction with the Volga near| 
Samara. 

Petropavlofak,Eatt aide ofN.UralMounUins. 

River Kakva, East side of Ural Mountains, 
Petropavlofsk (D. 7 or S. ?). 

Petropavlofiik.Eaat side ofN. Ural Mountaina. 

, East of Usolie on the Volga, near Samara. 

. Velikovo, on the KUaima. 


♦ Ust-Vaga. 


Kosaatrhi-Datchi, Eaat aide of the South) 
Ural Mountains. 


Kamenak, East side of Und Mountains. 
Meshkovitsa, Lithuania. 


Isle of Dago, Petropavlofsk, Ural Mountains. 


Isle of Dago. 


* Ust-Vaga. 

* Sakmarka, Uat-Vaga, &c. (aee p.a55}. 

* Ilehegulova, Orenburg, Ac. (see p.255). 

* Kniaspavluva, near Anamaa (see also p.255). , 
Stretinsk, south-east of Kungur. 

Goradof ka in the Donets country. 
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B. • 

An Account of the Microscopic Structure of certain Fossil Teeth from the environs of Riga, by 
ivhich they are determined to belong to the genus Dendrodtis of Sauroid Fishes. By 
Professor Owen. 

The teeth, of which the following is an account of the microscopic structure, were procured by Mr. 
Murchison from M. Pander, who collected them in the environs of Riga, and w-ere submitted to me for 
examination with a view more especially to determine whether they appertained to the class of Reptiles 
or to that of Fishes. t 

By some of the palaeontologists of Russia these fossil teeth had been referred to the Saurian order, and 
they bear, in fact, a close external resemblance to the teeth of crocodiles ; but the Absence of any dehnite 
proof of the existence of air-breathing Vertebrata anterior to the deposition of the magnesian limestone or 
dolomitic conglomerate rendered the question of the possible existence of Saurian reptiles in the Old Red 
Sandstone of Livonia one of far too high importance to be left in any degree questionable, through an 
opinion of the nature of a fossil tooth founded solely upon an inspection of its outward foriA. 

The insufficiency of this kind of examination had, in fact, been made very manifest Ijy the results of u 
microscopic investigation of the structure of some fossil teeth, transmitted to me a short time previously 
from Scotland by a fx^end who suspected them to belong to Saurians, but which were proved by their 
internal structure to be referable to the class of Fishes, and to be indicative of a new genus in the Sauroid 
family for which I proposed the name of Dendrodus, Those teeth were obtained from j:he central or 
oomstone division of the Old Red Sandstone of Scat-crag, near Elgin. They are described, and Jbheir , 
microscopic structure illustrated, in the first number of the Microscopic Journal ^ and in my ‘ Od(!fiito- 
graphy’^. 

I recognised in the fossil teeth from Riga a close external resemblance with those of the Dendrodus 
from Scat-crag, especially ti!e Dendr, biporcatus. They presented the same conical, slightly compressed, 
subincurved form, the same subcircular base and obtuse summit, the same additional resemblance to the 
teeth of crocodiles in the two opposite ridges extending from near the base to the summit of the tooth ; 
but the rest of the enamelled surface of the Russian teeth bore a greater resemblance to those of Saurians 
in having fine elevated longitudinal ridges, in addition to the linear impressions which were^bservable in 
the Dendr. biporcatus. 

Fortunately, however, the diflference between the internal structure of the teeth of true Saurians and 
of the teeth of Sauroid fishes is well-marked and easily recognisable. In the Crocodiles, recent and fossil, 
as well as in the Enaliosauria, the dentine or principal substance forming the body of the tooth consists 
of an uniform system of dentinal or calcigerous tubes, radiating from a slender central pulp-cavity to the 
periphery of the tooth, without any intermixture of vascular canals. In the Dendrodus there is a wide 
pulp-cavity, subdivided into irregular longitudinal canals or sinuses, from which a series of vascular canals 
radiate to the periphery of the tooth, sending ofif branches at right angles throughout their entire course, 
whilst the dentinal tubuli are continued from the slightly expanded terminations of thelfee branches, and 
from the peripheral terminations of the radiating trunks. This high organization, arising out of the ex- 
tensive distribution of the vascular system through the body of the tooth, does not exist in any Saurian 
reptile ; the dental structure bearing the closest analogy to it, in the class of Reptilia, that highly 
peculiar one which characterizes the teeth of the gigantic Labyrinthodont Batradhian^. The difference, 

2 Part ii. p. 171, plates 63 A, 62 B. 


* 8vo, 1841, p. 4. 
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however, between this labyrinthic structure and that of the teeth of the Denirodus is easily discerned, and 
1 had the satisfaction to perceive in the microscopic sections of the Russian teeth all the characteristics 
of the teeth of the Dendrodus, 

The longitudinal section in the opposite Plate, fig. 2, shows the entire body of the tooth, permeated by 
the vascular canals, ramifying with apparent irregularity, and anastomosing by their peripheral branches 
in fine loops. The characteristic disposition of the vascular canals or sinuses is shown in the magnified 
view of the quadrant of the circular transverse slice, at fig. 8. 

The pulp-cavity, a, a, has been converted by a coarse kind of ossification into an irregular group of 
large medullary canals of a less cylindrical figure than in the Dendrodus biporcatuB : these canals or pro- 
cesses of the pulp-cavity are connected together by a network less close and complex than in the Dendr, 
biporcatus. From th^ cilcumference of the central network finer medullary canals, or vertical sinuses, 
radiate at pretty regular intervals to the periphery of the tooth. Most of these canals divide once, and 
some twice in their course ; the bifurcation taking place commonly near the periphery of the tooth, the 
branches slightly diverging. From each ray and its primary bifurcations short branches are given off at 
brief intervals, generally at right angles with the trunk, or slightly inclined towards the periphery of the 
tooth ; these^rimary branches more seldom subdivide than in the Dendr, biporcatu8» but terminate, as in 
the teeth of |hat species, by angular dilatations something like leaves, which resolve themselves into 
radiating fasciculi of calcigerous tubules. Each of these systems of radiating tubules constitutes a lobe 
of the dentine, M*luch is separated from the adjoining lobes by an extremely delicate line, representing 
the cemental constituent of the tooth. The lobes of dentine continued from the •terminal dilatations of 


the medullary rays are the largest and most regular in form. The extremely minute dentinal tubes ter- 
minate in a Ikear series of calcigerous cells ; such lines being continued or reflected inwards from the 
•peri^ery of the tooth, and doubtibss forgi the remains of processes of the capsule of the tooth-matrix, 
which inclosed ai^, as it were, defined the lobes of dentine. The inflected line of minute cells may be 
traced to near the central reticulate system of large medullary canals. The external longitudinal fine 
grooves on the surface of the tooth indicate the entering lines or fissures filled by the fine cellular cement. 

The close analogy, and at the same time the diflference — at least specific— between the tooth of the 
Russian Dendrodus Murchisoni (mihi) and of that from the Scotch Old Red Sandstone will be at once 
seen by comparing figs. 3 and 5 in the opposite Plate. 

Thus, the formerly supposed organic evidence of the supra-carboniferous nature of the sandstones of 
Livonia and fteval is completely negatived by the proof, that the problematical teeth are not those of 
reptiles or air-breathing Vertebrata ; and, at the same time, positive proof has been obtained that they 
belong to the same peculiar genus of extinct sauroid fishes which has been hitherto only recognised as a 
fossil of the Old Red Sandstone. 


The practical importance, independently of geological theory, of determining the relations of the red 
sandstone sptems, in aeference to the beds of coal which in many countries may be sought for with 
success under the Newer Red Sandstone and Zechstein (Permian), but can never be found beneath the 
Old Red or Devonian, places the value of the microscopic test of the nature of fossil teeth in a striking 
point of view ; for if other proofs had not been obtained of the age of these deposits so extensively 
spread over livonia and Northern Russia, this tooth alone would have decided the question. 

R. Oww. 


February 20 , 1644. 
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C. • 

Professor Owen upon certain Saurians of the Permian Rocks. 

In referring to Professor Owen some bones and fragments which he brought from Russia, Mr. Mur. 
chison was informed by that great authority in osteological subjects, that he considered one of them, 
the Rhopalodon Mantellii (Fischer), to be a genus very nearly allied to the thecodont Saurians of the 
dolomitic conglomerate of Bristol (Thevodontosaurus of Riley and Stutchbury), and quite distinct from 
the triassic genus Cylindricodon of Jiiger, which he is disposed to consider as not very different from the 
Hylaosaurus of Mantell. The bones (humeri) brought from Russia (where thby also occur in red grit 
and conglomerate near Menselinsk and at Kargala, near Bielebei in the government of Orenburg, see 
p. 155) have exactly the same structure as those found in the Bristol rock. In*his last excursion to 
Russia (1844) Mr. Murchison obtained through the kind attention of M. Worth a very illustrative cast 
of a considerable portion of the vertebral column of one of those Permian Saurians, which has been 
alluded to by Major Wangenheim von Qualen and Dr. Kutorga. (See Verb, der Min. Gesells. zu St. 
Petersburg, 1844.) Of this specimen Professor Owen thus speaks : — 

“ (1.) The coloured cast is a series of twelve costal and two sacral vertebrae of a reptile ; J)elonging to the 
Crocodilian division of Sauria by the strong, short, rib-like processes from»the sides of the two anchy- 
losed sacral vertebrae, — *4 modification not present in Enaliosauria, but introduced in order to give a firm 
* point d'appui * to the hinder extremities of those higher Sauria which occasionally walk on dry land, ITie 
articular ends of the dorsal vertebrae are concealed ; though, from the appearance of their margins, I am 
led to think, that they were not co-adapted by ball-and-socket joints, ae^in the tertiary and existing Oro- 
codiles, but were sub-biconcave, as in most of the secondary species. The vertebrae beqpme shorter and 
broader as they approach the sacrum than in any modern and tertiary Crocodiles, or in any of the 
Wealden or Oolitic Crocodilia that 1 have seen ; and the anterior vertebrae most resemble in their com- 
pressed bodies and very strong transverse processes the vertebra oi the Palaosaurus figured in Messrs. 
Riley and Stutchbury ’s memoir on the Saurians of the Bristol magnesian conglomerates, Geol. Trans. 
▼ol.v. 2nd series, pi. 29. figs. 6 and 7. They are not identical ; the Bristol specimen having a more con- 
cave inferior outline than the Russian specimen, so far as 1 can judge from the cast. 

•*(2.) llie bone, in two pieces, marked H., is a Crocodilian humerus, most resembling, b>^the breadth 
and flattening of the proximal extremity, the thecodont type of that bone in the Crocodilian order : it is 
shorter in proportion to its length, and larger than that from the Bristol conglomerate, referred, in the 
memoir cited (p. 354. pi. 30. figs. 1 and 2), to the Palaosaurvs, 

•* (3.) The bone marked F. is the distal end of a femur, w'hich by the sub-tetrahedral figure of the shaft- 
portion, also manifests the thecodont modification of that bone, and pretty closely accords with the figures 
of the femur of the Pal^saurus {loc, cit, pi. 30. figs. 4 and 4 a), but, like the humerus from Russia, it is 
somewhat laige. 

«« The which you have submitted to me are not quite enough for a satisfactory demonstration 

of the precise funily of Crocodilian Sauria to which they belong, but they do not agi;ee with the characters 
M tlmomne parts in any Saurian that I am acquainted with, from the lias upwards, and they do agree 
auflSciently with the Bristol Thecodont Sauria, to render it highly probably that the teeth of the Permian 
Russian fossil, when determined, will exhibit the same thecodont characters.” 

College of Surgeons, March fith, 1645. 
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D. 

Account of the Forest of Bialavieja, the habitat of the wild Aurochs or Zubr. By Count de 
Krabinbki. (In a Letter to Colonel Jackson, Secretary of the Royal Geographical Society, 
see pp. 503, 504.) 

The forest of Bialawieza (Bialavieja) is situated in the present government of Grodno in Lithuania, and 
extends befhveen the to^^ms of Orla, Shereshef and Prujany, over a surface of about twenty-nine square 
Polish or German miles (fifteen to a degree). It derives its name from the village of Bialavieja, which 
lies in the centre of the forest on the banks of the Narevka, and contains fifty- six peasants* cottages, a 
church and an inn. Cl^se to this village, stands on a hill, a hunting-lodge, built by King Augustus 111., 
and enlarged by his^ successor. King Stanislaus Poniatowski, but now falling into ruins. In another 
part of the forest are«tbe ruins of a castle called Old Bialavieja. According to the local tradition, it was 
in olden time the hunting station of the sovereigns of the country, and derived its name, which signifies 
the White Tower, from its white- w'ashed walls. Besides the above-mentioned village, there are. in the 
same forest, two hamlets called Teremiska and Pogorzelei : they lie at a short distance from each other, 
and contaiui each of them, about twenty cottages. 

There are? on the borders of the forest, twenty-four villages, which belong to the forest department 
(Board of Woo<t^ and Forests), and from whose inhabitants the keepers and guards of the forest of Bia- 
lavieja are selected. The principal of these villages is Hainovsk. formerly the residence of the employe's 
of the forest. ^ 

The forest is divided into tw'elve districts, called Strazi, i . e. wards, namely, 1 , the ward of Augustovsk, 
so called from Augustus, kiiig^f Poland, Elector of Saxony; 2, Narevsk ; 3, Brovsk; 4, Hainovsk; 
5,JCrukovsk; 6, Okolnitzk ; 7, Lessnai^-k ; 8, Starshinsk ; 9, Stolpovisk ; 10, Svietlitshansk; 11, Pod- 
besk; 12, Dsad^vlansk. 

A great number of stieams issue from the forest ; of these, the principal are the river Narev, into 
which the greater part of the other rivulets empty themselves, and the Lesia, a tributary of the Bug that 
formerly marked the limit between Poland and Lithuania. 

The forest belonged to the demesnes of the royal household, and was exclusively reserved for the royal 
sports. It was on that account preserved from the clearings whereby so many forests were destroyed 
and converted into arable land. It remains therefore in the primitive state of an American forest. It 
contains a great quantity of different kinds of wild animals, such as bears, wild boars, wolves, foxes, lynx, 
elks, and roe-bucks, whilst many beavers are found on its rivers ; but the most remarkable of its inha- 
bitants is the aurochs, or bison, called in the Polish language Zubr. It appears from different records, 
in which the name of the Zubr is mentioned, that this animal was always peculiar to Lithuania, but it is 
impossible to ascertain whether it extended further than the forest of Bialavieja. 'The opinion that it 
was formerly found i& other parts of the country, among others in the forests of Mazovia, seems to be 
erroneous, and to have arisen from a confusion of the Thr with the Zubr. The Tur, which is constantly 
mentioned in the old national song^ of all the Slavonic countries, was, according to the description of con- 
temporary writers, a wild ox, probably the same as that still preserved in England at Hamilton, Chilling- 
ham, and Alnwick, ahd entirely different from the Zubr. 

A Latin poem, entitled “ De Bisonte et ejus venatione,** written by a certain Hussovianus for Pope 
Leo X., but dedicated after his death to Bona Sforza, Queen of Poland, and printed at Cracow, 1523, 

gives the following dascription of the Zubr : — 

« 

H«c fera Lithuanis looge sevissima sylvis 
* Nascitur, et fieri corpora tanta solet. 
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Ut, mirum ! si quando caput vi victa reclinet, 

Trea aedeant intra cornua bina viri. 

Barba riget late, pendentibus horrida villis ; * 

Lumina, terrorum plena, furore rubent. 

Terribilesque jubae collo funduntur in armos, 

Et genua, et frontem et pectoris ima tegunt. 

Villosum toto prae ae fert corpore caprum, 

Quamvis effingunt omnia membra bovem/' • 

Huaanvianus de Bigonte et ejus venatione. Cracow, 1523. 

This poem was published at a time when the Tur was still found in the forests of Mazovia, but it 
distinctly says that the Zubr is a native of Lithuania. The biographer of Cardinal Commendom, who 
accompanied this prelate in his journeys to Poland, the last of which was in 1572, says, in his description 
of Poland, that there are both Turs and Zubrs, that the Tur very much resembles an ox, and that its 
flesh has almost the same taste as beef. The Zubrs were already at that time more rare than the Turs, 
which are now entirely extinct. 

The same author gives a curious de8crii)tion of the manner in which the Zubr was hunted. I had 
from Mr. Hallam a French copy of this work, from which 1 have largely drawn in the first chapter of the 
2nd vol. of the ‘ History of the Reformation in Poland.* The title is, as well as 1 can^ remember, “ Vie 
du Cardinal Commendom, par Gratiani, traduite en Fran9ai8 (from Latin, pr Italian, I do not remember) 
par Flechier.** lliere^was in the collection of the last king of Poland, a volume of drawings represent- 
ing different subjects relating to the Council of Constance ; one of them contained the presentation to 
the assembled fathers of a live Zubr, sent by Ladislaus Jajellon king of Poland. This proves that it 
was regarded as a rare and curious animal, even at the beginning of tly fifteenth century. ^ ^ 

There are many stories related concerning the extraordinary strength of this animal. An an^eient 
chronicle mentions that at a hunt given by King Alexander of Poland (who died in 1506), the Altan, 
whence his Queen Helena looked at the sport with her ladies, was overturned by the Zubr s running 
against it with great violence. 

I may add that the work of Baron Brinken on the forest of Bialavieja is very important for its descrip- 
tion of the flora as well as fauna of that tract, “ Memoire Descriptive sur la For4t de Bialawieza,** par le 
Bn. Brinken. Varsovie chez Gluksberg, 1828.** According to his account, there were at that time 875 
head of Zubrs living in the forest * . • 

* After we were favoured with the above communicaiion of Count de Krasinski, we observed that Professor 
Eichwald, in his work (Naturhistorische Skizze von Lithauen, Volhynien, und Podolien, Vilna, 1830), had given a 
very complete account of the forest of Bialavieja, and of its inhabitants the Auers or Aurochses. Among other pecu- 
liarities of these very wild animals, it is stated, that for spring and summer food they select Ranunetdua reperu, 
CirsiuM oleraceufu, Hierochloe horealisj and otlior acrid and bitter plants, and such shrabs as Lotiicera, Rhamnus, 
&c., with lichens and tree mosses ; and in winter the young trees of Calluna vulgaris, which they prefer to hay or 
any other food (birch and fir-trees being never touched by them). They roll and enjoy themselves in dry sand, 
seldom drink, and go whole days without water ; that of the muddy rain- pools being adequate for them, though 
when pursued by wolves they swim well. The Aurochs lives to about forty, and breeds^to thiAy years of age, and 
offers no example of a cross with the domestic cow, to the smell of which he has a great antipathy. Owing to his 
great weight he is a slow mover, and when pressed is exhausted in a verst. In defence he can master three wolves, 
but falls a prey to a greater number. In the work of M. Eichwald it is further stated, that at a royal Polish chase 
of Augustus III. in 1762, forty-two of these animals were killed; and that in the year 1828 the total number 
was 696. A plan of the Forest is given, in which a river Biala is marked. (See ante, pp. 603, 504 and notes.) 

• 4n2 
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Alphabetical List of Simple Minerals found in the Ural Mountains or on their Flanks, arranged 
from a Catalogue prepared by Lieut. Koksharof of the Imperial Mining Corps. 


Names of^Minerals. 


Aeichynite 
Albite 


Amethyst ... 
Amianthus 


Analcime . 


Andalusite 


Apatite 


lAu^te, {preen) 


Avanturine 


Barytes {sulphate of) 


i Bitter spar 


Barswite a. 


... Ilmen Hills near Minsk ^As fine prismatic crystals in granite. 

... Alabashka near Mursinsk^ di- 1 ... , Occurs as indistinct crystals in aranitic rocks, 
etrict of Ekaterinburg | M.aak. 

Hine of Pitalelersk near Bogoslofsk As small crystals in greenstone porphyry. 

...At the village Kaltchedansk near the Small pieces occur with lignite, gravel and sand. 
Zavod Kamensk. 

..iTushakalva near l^ursinsk Fine crystals of amethystine quartz in granite. 

... Near Ekaterinburg In serpentine. 

(Elizabetsk, Uktusk and Pishmtnsk Za- 
1 vods.) 

In the Sholkovaya Mountain near Ne- 
! viansk. 

.. Mount Blagodat near Kushvinsk In small compact masses and very small hexa- 

I hedral crystals. 

.. Shabrovsk near Ekaterinburg As small crystals in schist. 

‘Adolfsk near fiisserak As grains and crystals in the detritus. 

Nijny-Tagilsk Do. do. 

..iTushakalva near Mursinsk Occurs in considerable masses, having a cry> 

! stalline structure, and in granite. 

j f Takovaya Fine prismatic crystals in mica schist. 

.. ^ Ilmen Mountains near Miask Crystals in ** miascite.'' 

I Akmatof^ near Zlataust In altered chloritic schist. 

..lAt the mine Zareto-Nikolaevsk near In porphyry. 

Miask 

Near the Zavod of Nijny-Tagilsk Do. 

Mount Blagodat near Kushvinsk In grains with magnetic iron. 

.. Taganai and Uralskaya Sopka near Zla- This variety’ of qjjartz rock is finer in the inoun- 
1 taust. tains of Bieloretz in the Government of Tomsk 

j and is polished at the works of Kolyvan. 

j Splendid vases of the Siberian avanturine were 

, presented to Baron Humboldt and Mr. Mur- 

chison by the Emperor of Russia. 

. . Berkutskaya Hill near Miask Generally compact, occasionally in crystals in 

! porphyritic greenstone. 

...Near the village of Medvedieva near In argillaceous schist. 

Zlataust. 

Mount Bertevaya near Nijny-Tagilsk, In copper mines. 

Bogoslofsk. 

Alabashka, Shaitansk, and Tushakova f ‘’1“' “‘T v 

” near Mursinsk J granite, rhe transparent crj’stals sell for ahigh 

Ilmen Mountains nearMiask";;;"!;!;^ P""®' I" Museum of the Institute of the 

In the mines of Aktimsk near Zlataust *"T P«t‘‘?bujgh. are to be seen 

I, stals of Beryl nine inches and a half in length. 
At Nazimskaya Gora near Zlataust ...... In chlorite schist where pierced by greenstone. 

, Near the Zavod of Beresovsk As small rhomboidal crystals in the chloritic and 

talcose schist. 

When bitter spar is found in masses aod mixed 

• with chlorite and quartz, the rock thus com- 
posed is called " Listvenite." 

Kliitchefsk near Miask In serpentine. 

Neighbourhood of Neviansk In chloritic schist. 

. Borsovsk near Kbhtymsk Found in blocks amid the auriferous detritus. 

* This mineral contains crystals in grains of Co- 

rundum and Zcilanite. 
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Nunet of llinonls. 


ObaervAtions. 


Brochantiit Near Gumeshevsk As small crystals on the red copper oh. 

Brucite Near the Zavod of Pishminsk As small white flakes in serpentine. 

Bucklandite Near Verkhoturie As prismatic crystals in granite. 

I Cancrinite Ilmensk near Miask Small masses of a rose colour occur in the 

miascite of the Ilmen Hills. Its cleavage is 
parallel to the faces of a regular hexagonal 
prism. 

I Chlorite In themine ofAkmatofskandNazimskaya As small crystals exhibiting dickrtRam, 

• Mountain near Zlataust (see p. 428). 

I Chloritoid Near the Zavod Mramorsk* Ekaterin- In chloritic schist. 

burg. 

Chloroapinel In the mountain Shishimskaya, west of Small octahedral crystals in talc schist. 

Zlatahst. * ^ 

Chryaoheryl Near the village of Takovaya As fine crystals of a deep green colour in mica- 

ceous schist. This nyncral is found generally 
in triple, seldom in simple crystals, and ex- 
hibits dichroiam. 

■ Copper^ native Near Bogoslofsk and Nijny-Tagilsk In small crystals remarkable for icositetrahedral 

I forms ? 

• Copper, sulphuret Bogoslofsk. 

Copper, grey Beresovsk, Kugush, Isk and Sanarsk , 

near Miask. 

Vassiliensky near Bogoslofsk. 

Copper, blue iNear Perm. • 

Copper, pyrites ! Bogoslofsk, near the Zavod of Beresovsk In veins of quartz. 

Copper, green ^|Mines of Turjansk near Bogoslofsk. 

Copper, red iDitto ditto. , , . , 

Copper, vanadiate of ...IMine of Tvanusk, district of Perm As hexagonal tablets in sandstone. 

Corundum jNear the village of Kos.soi Brod, neigh- In small grains in chlorite schist^ 

I bourhood of Ekaterinburg. 

• illmcn Mountains near Miask Ig felsparfsome of the crystals arc of a bright]* 

Near Kishtymsk. blue colour, and some, though very rifrely, 

I , partly transparent. • 

Biallage Near the Lake Aushkul, south of Miask In serpentine. 

Diamond * Near Ekaterinburg Near the country house of M. Medjer, two 

I » diamonds have been found in the detritus, the 

I laigest weighing ^ carats. 

iVerch-Uralsk (in auriferous sands) One diamond only found here, weighing | carats. 

jNear Kushvinsk One diamond weighing % carats. 

(Jhrestovodsvisgensk and Adolfsk near Up to the year 1833 about forty diamonds had 
Bissersk. been found in the auriferous gravel. The 

largest weighed 2^^ carats, the smallest l, 

I carat (see p. 480). * 

1 Diaapore Mramorsk in the neighbourhood of Eka- As crystalline masses in chloritic schist. | 

terinburg. , , . . i i I 

Dioxide Akmatofsk, Naziraskaya Mountain near Beautiful crystals in chloritic schist, where 

^ Zlatahst. pierced by greenstone (see p. 428). 

Piaolitp Ilmen Mountains near Miask This mineral, with black mica and white felspar, 

forms the rock called miascite, subordinate to 
granite. ^ I 

EmfraU . . Near the village of Takovaya This locality U celebrated for its eraer^ds. The . 

D largest and most transparent crystals are cut 

and sent to the Imperial Winter Palace at St. 
Petersburgh. 

Emen, Mramorsk In chloritic schist. 




Between the Zavod Kussinsk and the v In veins ol quartz, in porpnyry. 

N^ar^ahtvmsk*^ * 1“ quantities in blocks of llorsovite. 

„ , Mursinsk ^ In fine large crystals united in groups in granite. 

Voloshnaw Hill, east of L^ie Ilmen, Fine green crystals S/o»e). 

near Mwsk 5'Uow crjstals. 
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Nanet of Mmenla. 


Obtenrations. 


\ Fluorspar 


Gold (native) 


I Graphite , 


Hornblende 




Ilmenite 

Iridium (native) 
Iron (magnetic) 


Iron, hgdraie of . 


Iron, specular , 


Iron, chromate qf 


Iron, oaidulaiid 
Ironpgriies 


iKpanUe 


[Lmmionite 


..Near the village Bojevsk in the neigh- 
bourhood of the Zavod Kamensk. 

Ilmen Hills near Miask In miascite. 

Near the village of Syrostan, road from In granite. 

Miask to Zlatadst. 

Takovaya In cryatalline masses in micaceous schist. 

..At the copper-mines of Turyinsk near Crystals in metamorphic limestone and paleeo- 
Bogosiofsk. zoic rocks (see p. 396). 

Alabashka near Mursinsk. 

Ilmen Mountain near Miask In granite. 

Mount Shishiroskaya, cast of Zlatailst... Of a yellow colour in vein-stones. 

Taganai Mountain near Zlatailst In metamorphic quartz rock. 

Mine of Zarevo-Alexandrofsk near Miask This mine is famous for the largest pepites 

of gold that have been found at different 
] periods (see pp. 489 ei seq,). 

At the Zavod Beresovsk near Ekaterin- The gold is here found in the veins of quartz, in 
burg. small porous masses. The crystals present 

an octahedral form, with dodecahedral faces. 
Also in the auriferous sands in grains and 
crystals, and at numerous other localities not 
here cited (see pp. 476 et seq.). 

.. On the shore of the Lake Telanshuk In schist. 

I near Miask. 

.. Near the Zavod of Keshevski, north of ln albite and syenite. 

; Ekate/iriburg. I 

jNear the Lake Kissagutch in the Ilmen' In the hornblende of this locality, are found 
I Hills near Miask. { octahedral crystals of zircon. 

jNear the Lake Aushkul, south of Miask In greenstone jiorphyry. 
lUrenga Mountain near Zlataust, and atlln syenite. 

I numerous^other localities. I 

.. Mines of Kublevskay^and Vissimo-shai-! Isolated blocks in the detritus. 

I tansk near Nijny-I'agilsk. 

iMinc of Borsovsk near Kishtymsk Do. • do. in auriferous gravel. 

..'Ilmen Hills near Miask In large rhomboidal crystals in the roiascite. 

.. Neviansk, Nijny-Tagilsk Hexahedral crystals in the platiniferous sands. 

.. Near the Zavod of Pishminsk In octahedral crylcals in serpentine. 

The Mount Beresovaya near Ekaterin- Octahedral crystals in chloritic schist. 

burg and near the village Brussiansk. 

Ilmen Hills. 

Mine of Akroatofsk near Zlatadst Do. do. do. do. 

Shishimskaya Mountain near Zlataust. 

Vissokaya Mountain near Nijny-Tagilsk In large masses. 

The Katchkanar and Mount Blagodat... Do. do. (see pp. 370, 379# 392.) 

.Near the Zavod Bilimbaersk. Ekaterin- In serpentine and in numerous isolated deposits, 
burg. 

Near the Zavod of Kamensk In carboniferous limestone. 

In the moiintains of Neviansk. 

Neighbourliood of Zlataust .In limestone. 

.. The villages «f Shabrovsk and Nagorsk 
e near Ekaterinburg. 

Near Bogoslofslt 

In the Berkulskajn Mountain near Miask In large masses. 

. Kishtymsk, near the Zavod of Syssersk. 

In the mine of Malii^Mostorsk near Eka- 
terinburg. 

. Bmensk. 

. Urenga Mountain, Ziyod Lobnnsk near In hornblende schist. 

Zlatahst. In greenstone porphyry. 

. Near the village Kolcttkina, 40 versts In argillaceous schist, 
sooth of Ekaterinburg. 

II the Mountain Taganai near Ziatahst . In micaceous schist. 

. In Petropavlovsk Hfll near Bogoslofsk .. Decomposed crystals in greenstone porphyry. 
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Namet of Minenli. 


Localities. 


Obaenrationa. 


Lead, eulphuret qf , 


i Lead, carbonate of 
Lead, phosphate of 

Lead, chromate of 

I 

: Lead, vanadiate of 
' Lepidolite 


Zavod of Beresovsk near Ekaterinburg...] 
The mine of Eugushefsk near Miaak. 
The mines of Pavlovsk and Anatolsk in| 
the district of Nijny-Tagilsk. 
iNear Bogoslofsk and Ekaterinburg 
IZavod of Beresovsk 
IZavod of Beresovsk 

In the Bertevaya Hill near Nijny-Tagilsk. 
|The Bertevaya Hill near Nijny-Tagilsk. . 
Zavod of Beresovsk near Ekaterinburg 
Zavod of Beresovsk 

I'fhe villages of Tushakava, Alabashka and| 
Shaitansk near Mursinsk 
Libethenite (phosphate o/jNijny-Tagilsk 
copper) 

Lime, carbonate of , 

Lime, (calc spar ) .... 


Magnesite 

Malachite.. 


Manganite 


Melanochroit 
Mengite 


Mica, mono-axial . . 


I Mica, di-axial . 


Monazitc .. 
Needle ore 
Oligoclas .. 


Osmium iridium 


Ouwarovite 


Perovskite 


Phenakite, 


Pistacite , 


Platina, native 


Porcelain earth 


Guraeshefsk Zavod 

Ilmen Hills near Miask. 

Bogoslofsk 

Guberlinski Hills 

Nijny-Tagilsk 

In the neighbourhood of Bogoslofsk. 
Gumeshefsk Zavod 


Near the village of Shabrova, neighbour-] 
hood of Ekaterinburg. 

Beresovsk 

East of the Ilmen Lake near Miask ... 


In veins of quartz. 


In copper mines. 

Small crystals in veins of quartz. 

Fine hexagonal prisms. 

In quartz veins. * 

In quartz veins. 

Fine prismatic crystals of a red colour. 

Fine prismatic crystals. 

|As fine transparent scales of a rose colour in 
granite. * 

In small crystals with malachite. 

In copper mines. 

|cr\^8tallized in copper mines. 

In greenstone rocks. 

In enormous stalagmitic masses. 

In copper mines. • 

In concretions and masses corpposed of very 
minute crystals in the copper ore. 

In grains in rhodomite. 


Small indistinct crystals in quartz veins. 

Small prismatic crystals of a black colour in the 
granite. 

Ilmen Hills near the village Kossoi>brod|In miascite. , 


Near Zlataiist, near the Zavod Dolersk 
East of the Lake Ilmen ..... 

Near the village Alabashka. 

Ilmen Hills 

Zavod of Beresovsk near Ekaterinburg... 
Near the village of Scbaitausk, neigb-| 
bi^rhood of Mursinsk. 

Near the village Ajalsk, vicinity of Eka 
terinburg. 

Sands in the vicinity of Ncviansk 

Do. near Kishtymsk. 

Saranovsk, north of Bissersk (seep. 390), | 
and near Kishtymsk. 


Mines of Akmatofsk, Nazimskaya Moun-| 
tain near Zlatavist. 

Near the village of Takovaya and Bol 
shoimeft. 


Near the Lake Tchornoya, Ilmen Hillsj 
near Miask. 

Mines of Akmatofsk near Zlatadst .. 
Vissimo, Shaitansk and other places inj 
the vicinity of Nijny-Tagilsk. 


Also in detritus between Kushvinsk and] 
Turyinsk, and around the Katchkanar, 
In the mine Nikolaya Pavdinsk neai 
Bogoslofsk. 

East of the Ilmen Hills. 


^ne crystals in the granite. * 

Small crystals in the granii%. 

Indistinct prismatic crystals in quartz veins. 
Occurs as compact masses in granite. 

In porphyry. 

In hexagonal plates. 

Abundant at the first of these localities, rare at 
, the second. 

jOccurs in fine green crystals inirap rocks, and 
often witli chromate of iron. This mineral is 
considered to be a garnet containing chrome. 
Finehexahedral crystals in chlorite schist pierced 
by greenstone. 

In small crystals which are bright wine yellow, 
inclining to rose-coloured or white. At St. 
Petersburgh they age favourite ornaments of 
the ladies. 

|In felspar. 

Fine crystals in chlorite schist. 

In grains and sometimes Vcxahedral crystals. 
The largest piecet^ have been found in the 
Demidoff domains. 

In detritus of trappaan and other rocks overly- 
ing Silurian limestone (see pp. 381 and 484). 
Iln large masses. , 
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Name* of If inenU. 


Obaervations. 


/’ttiomeiAM Aktensk mines near Zlataiist. 


Pyrit€ 9 , copper Near Bopslofsk In copper mines. j 

Zavod of Beresovsk Hexahedral crystals in quartz veins. j 

Pyrochlore Ilmen Hills Small crystals in granite. 

Pyrolueite Near Zlataiist and at the village Nagor- In auriferous sands. 

noi near Ekaterinburg. 

Pyrophylitr Zavod of Beresovsk Indistinct crystals in quartz veins. 

Pyrrhite ....^ Near the village Alabashka Small yellow crystals in granite. 

Quartz ! Beresovsk near Ekaterinburg and m the Many transparent crystallized blocks (like 

I Ilmen Hills. Cairgorm stones ")’are cut and polished. 

Reiiidolite Nazimskava Mountain near Zlataust ... In chlorite schist pierced by greenstone (see 

I ‘ p. 428). 

Rhodochrom .iNAr Kishtymsk Small compact masses on chromate of iron. 

I At the village Saranovsk near Bis8ersk...'ln small masses do do. 

Rhodonite iXear the village Shabrova, vicinity ofln considerable masses. 

i Ekaterinburg. 

Rhodozite Near the village of Sarapulsk Small crystals of dodecahedral form, with tetra- 

I hedral faces. The crystals are always found on 

I red spheroidal tourmaline and are very rare. 

Near the village of Takovaya Fine large crystals in micaceous schist. ‘ 


Serpentine ...^ Near the Lake Aushkul, south of Miask.; I 

Sodalite Ilmen Mountains Occurs as small masses of crystalline structure, 

* I and fine blue colour in miascite. One single | 

• I cr\’stal of this mineral, now in the collection of i 

j the Mining Institute st St. Petersburgh. pre- 1 
I sents a dodecahedral form. The blue sodalite 

I I of the Ural was formerly termed Canchnite. 

! Siaurolite Near the Zavod Polevsk, south of Eka-, Large crystals in argillaceous schist. 

* I terinburg. I 

• jThe Mount fhganai ^ar Zlataust 'Large black crystals in mica schist. 

^ jNear the Zavod of Nijny-Saldinsk In mica schist. 

Stilpnoeiderite ?..... jNear Bogoslofsk In copper mines. 

StrahUtein Near Verkneivinsk and Gornoshit, vici- 

I nity of Ekaterinburg. | 

StrahUtein (actinoUte) . . In the Shishimskaya Mountain, east of In altered schist #ith greenstone. I 

Zlataust. ' 

Near Zlataust In chloritic mica schist. | 

Near Kishtymsk Prismatic crystals in talc schist. 

Sulphnr, native Beresovsk As produced from the decomposition of pyrites ' 

in quartz veins. 

Talc Zavod of Beresovsk near Ekaterinburg... Small indistinct crystals in quartz veins. 

* Near Brussiansk. vicinity of Ekaterinburg Crystalline masses. 

TchtffkimUe The Ilmen Hills In felspar. 

TUanite The mine of Akmatofsk near Zlataiist ... Doable crystals in chlorite schist. 

Near the 2^vod Verch-issetsk and the In small brown crystals in granite. 

Lake of Schartosk near Ekaterinburg. 

Ilmen Mountains near Miask In syenite or granite. 

Tapnt Alabashka near Mursinsk Ma^ificent crystals of the blue tapni me 

^ sometimes more than five iochas long. They 

are found in granite, and when transpareoL 
I are sold on the spot for 500 or 1000 roubles 

I each. 

The Ilmen Hills Fine crystab of a white ooloar in the groan 

• felspar or amazon stone. 

' Tmrmalme Ilmen Hills. 

Tamrmaline (black) Near the villages Alabashka and Shai- In granite. 

tansk. 

Jhnr maUae (fose) At the village Sarapulsk near Mursinsk . This variety is very rare and osBi Isr wnerthia ! 

^ KXI roubles a crystal. 

t The spheroidal groups of crystals sell Ru kOO or 

• 1000 roubles aoch. 
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NamM of Minerals. 


Timrmaline (rote) 


Uranotantal 

Uwarovite, see Ouwaro~ 
vile, 

Vetuvian (Idocraae) ... 


VoJbortite (vanadiate qf 
copper) I 

Wavellite 

Xanthophyllite | 

Zeylanite (pleonatte) . . . 
Zinnober (nilphvret of 
mercury) 

Zinkblende 

Zircon 

Zoisiie 


Localities. 


Near the Zavod of Beresovsk 

At Gorvoshit near Syssertsk, Verch- 
Neivinsk and the Lake Shartask, vici> 
nity of Ekaterinburg. 

The Ilmen Hills 


Prismatic crystals. 
In chlorite schist. 


In granitic rocks. 


Observations. 


In the Beresovaya HilL vicinity of Eka- 
terinburg. 

In the Shishimskaya Mountain near Zla- 

taiist 

Mine of Akmatofsk 

Nazimskaya Mountain near Zlataust ... 
Mines of Nijny-Tagilsk 


Do. 


j In crystalline metamorphic rocks. 
Small crystals in copper iliines. 


Shishimskaya Mountain near Zlataust... 

Do. do. do. 

Mine of Borsovsk near Kishtymsk ....>. 

Mine of Oleno-Traviansk 

Mines of Zorevo-Alexandrofsk and others 
near Miask. 

Near Bogoslofsk 

Ilmen Hills 

Village of Gomoshitnear Ekaterinburg... 


Hexagonal prisms in talc* schist. 
In talc schist. 

In the auriferous sands. 

Isolated fr^ments in the sands. 
In the auriferous sands. 

In copper mines. 

Fine crystals in miascite. 

In chlorite schist. • 






F. 

Domanik Schist. • 

The reader will find that in the text, p. 413, we have considefed the Domanik as the equivalent of^the 
Wissenbach schists, and therefore, according to the reasoning formerly employed (see Geol. Trans, vol. vi. 
p. 253), belonging rather to the Uppermost Silurian than the Lowest Devonian. Since, however, the 
chapter on the Timan Rangt^was written, the fossils of the Dom-'nik having been carefully examined 
by Count Keyserling, he finds that its Goniatites are similar to those of Brilon in Westphalia, and Schu- 
belhammer in Franconia. It must, therefore, be considered Lower Devonian, and we have placed it 
accordingly in the Table of Superposition attached to the Map, PI. VI. 

G. 

Igneous Origin of Magnetic Iron Ore. 

In the text, p. 413, we have dwelt at some length on this point, and it may further be curious for 
geologists to speculate on the possible application of the same view to many deep and unfathomed 
masses of iron in other countries. The broad and deep masses of red and often intensely crystalline 
hematite near Ulverstone in Cumberland, which fill chasms in the carboniferous limestone, are now usually 
looked upon as aqueous deposits. But may the striking vein of pure brown hematite charged with man- 
ganese, which at Lostwithiel in Cornwall seems to rise up through slaty rocks (Devonian) and envelopes 
frayments of them in its matrix, be considered an eruptive dyke like that to whiqh we have alluded at 
Blagodat ? In thniwing out this query, we do not say that the English case ought not to be separately 
considered ; for whilst it is possible that it may be explained in a somewhat similar manner to those of 
the Ural, it may, we admit, have resulted from a long-continued humid process-j— always, however, de- 
pendent on subterranean agency and internal heat and gas — through which the fluid ^was impregnated 
with metallic or other elements, that have either been crystallized or deposited in amorphous forms 

• 4 o 
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within the cavities of the rock. The hydrates of iron, which in many countries fill superficial cavities, 
belong clearly to another class of pheenomena, and are to be generally considered as mere aqueous 
deposits, which are of comparatively recent age. 

H. 

Palaeozoic Rocks of Scandinavia. 

Some of /he fossils from Hysbifiol in Sweden have very much the aspect of being derived from the 
uppermost beds of the Lower Silurian. In stating our belief, that the chief palseozoic strata of the con- 
tinent of Sweden are Lower Silurian, as distinguished from those of Gothland, we allude simply to the 
zone which fell under our survey. We have grounds to think, that in some places patches of Upper Silu- 
rian group will also be found to occur, as in Norway. For example, our friend Prof. Forchhammer has 
informed us that he bplieves there are Upper Silurian fossils in the higher part of the Aalleberg in West 
Gothland, and at Klinte in Scania. At the latter place, indeed, the occurrence of the Avicula retroflexa 
and other Upper Silurian fossils quite unknown in the Lower Silurian beds, has already determined the 
]K>int. In Scania also there is a red micaceous sandstone, connected with argillaceous beds and porphyry 
(as in Norw^iy), in w'hich forms like Adcula and Modiola have been discovered, and which Prof. Forch- 
hammer thinks may be of the age of the Old Red Sandstone. Again, from what we saw of the specimens 
of rocks and fossCs from Dalecarlia in the Museum of Stockholm, we have very little doubt that a country 
which has afforded the Lept<tAa depressa, L, cuglypha, and a species of the peculiar genus Brontes (Gold- 
fuss), must contain Upper as well as Lower Silurian rocks, while a portion df the sandstones which 
occupy that region may represent the Old Red Sandstone, lliese points we hope to be able to work out 

in the course *of the ensuing summer (February, 1845). 

« « 

• 1 . 

Inverted Strata on the Flanks of the Ural Mountains. 

In reference to this phsenomenon we have shown (p. 463 et seq,), how under the conditions exhibited 
along the flanks of the Ural, it is impracticable to explain the inversion on several parallels of longitude, 
by the mere uprising of the central ridge, and the consequent overthrowing or bending back of the strata 
upon themselves. We have, in fact, endeavoured to account for the inversions at considerable distances 
from the axis^ by subsidences of the fractured ends of the rocks which approach towards the issue of erup- 
tion. But even admitting our hypothetical view*, that the uprising of a large quantity of molten matter 
to swell the central ridge, might occasion cavities occupied by gases only, into which the ends of the 
fractured masses might sink ; why, it will be asked, do the inward edges of such masses dip towards the 
chain ? why have their external edges never been depressed ? and why are they, on the contrary, raised } 
Now, the facts are, tl^at the sedimentary rocks on the flanks of the Ural Mountains are fissured by a 
number of parallel north and south cracks, at some of which (as Nijny Serginsk and Bissersk on the west 
flank, and at numerous points on the east of the chain) molten matter has forced its way to tlie surface. 
If then we view the original condition of this eruptive matter when it was seeking to find a vent in its 
central or chief habitqal fissure, we may liken it to a series of great subterranean waves, moving from the 
eastern and western flanks, where its issue was repressed (by the nature of the sediment and other causes), 
to that channel where it was liberated. In this way we may conceive, how the wave-like, upheaving 
lateral force, when applied from flanks to centre, raised up the outward ends of the fissured strata by a 
succession of hefsres ; and if this hypothesis be admissible, no great depression of their inward ends is 
called for. In specula^^, however, on the possible modes of explaining this phenomenon, under such 
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circumstances as those described in the text» we think that the highly contorted, inverted and basin- 
shaped strata, which are so common on the western Uralian slopes (notably in the gorge of the river 
Tchussovaya), are best explained by the lateral pressure of the sea and sedimentary matter in* the low 
country on the west, and the great uprise of the central ridge on the east, by which operation the masses 
were squeezed up between two resisting bands, and were thrown back and partially inverted. The pro- 
blems connected with this question are, in fact, various, and the inversions in each mountain chain are 
well worthy of analysis ; though it must be admitted, that great light has already been thrown upon the 
subject by the labours of Professor Dumont in Belgium and those of Professors H. and W. Rogers in 
America. 

K. 

South Coast of the Black Sea. 

The geological colours relating to the tracts south of the Black Sea, are assigned from a perusal of the 
writings of Mr. W. Hamilton and Mr. Ainsworth (see Researches in Asia Minor, Pontus, &c., vol. i. 
p. 158 et seq,, and Journal of the Roy. Geogr. Soc. vol. ix. p. 216 et seq.). It is, however, necessary to ex- 
plain, that in all that region we do not pretend to define accurately the outline of the various rock 
masses, but simply to convey an idea of their general relations. Thus, whilst we know^from the re- 
searches of Mr. W. Hamilton and Mr. H. Strickland, that true Silurian rocks exist Constantinople, 
where they are overlaid by tertiary (miocene ?) deposits, it seems probablei that the crystalline and slaty 
rocks, perforated by much eruptive matter, which range from the eastern shores and gulfs of the Sea of 
Marmora (Mount Olympus, Ismid, &c.), are metamorphosed Silurian strata, similar to those of the Ural 
Mountains (cof Map, PI. VI.). The great mass, however, of the sedimentary deposits of Bkhynia, Paph- 
lagonia and Pontus, consists of limestones, often semi-crystalj^ne, wirti associated fucoid schists, sand- 
stones, &c., which are, we apprehend, of the same age as the great outward spur^ of the Caucasus 
(Circassia, &c.), and are, on the whole, of the Cretaceous age. We cannot gather from the writings of 
Hamilton or Ainsworth, that the Jura formation has any existence in these regions ; all the secondary 
rocks of which appear to be referrible to the Scaglia, restricting the meaning of that term to strata of 
the age of the Cretaceous system, which have assumed the Mediterranean or crystalline type. 

In the Caucasus, as in the Crimsea, the labours of M. Dubois de Montpereux have satisfactorily shown 
the presence of both these great systems, and doubtless it is possible, that in a portion of the rocky, 
elevated and broken region to the south of the Black Sea, some Jurassic fragments maj^be eventually 
discovered. 

The gpreatest interest, indeed, of this region, consists in its eastern range, or in the high plateaux of 
Khorasan, Kars and Anni, where tertiary deposits of the younger Miocene age have been heaved up by 
trachytic and other igneous rocks to heights of 5000 and 6000 feet above the sea, and where some tracts are 
so scoriaceous and volcanic, with large quantities of Obsidian, as to convey the ideavf comparatively recent 
eruption. The observation of Mr. W. Hamilton, of peculiar tertiary strata at Sinope, is of great interest 
to 08 ; for on examining the fossils he submitted to us therefrom, we have no hesitation in saying, that 
they belong to that former great internal Mediterranean (Aralo- Caspian) of brackish water, concerning 
which we have spoken so much ^ ; and thus we learn that this grand ancient Caspian must have extended 
over a great portion of the Black Sea, as well as over the Seas of Azof, Caspian and Aral. In all these 
regions, this brackish water deposit succeeds to the oceanic miocene ; a point of very great importance in 
developing the ancient geography of this large portion of the globe. * 

* - ■ 

* See No. 10. Map, PI. VI. and vol. i. pp. 297 et eeq, • 
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L. 

€ Gold Produce of Siberia. 

In reference to this subject, which excites so much interest, we reprint an extract from the Anniversary 
Discourse addressed by one of us to the Royal Geographical Society of London in 1 844 : — 

To this subject I wish to point tlie attention of statists and geographers, for it has already begun to 
occupy tlie ^oughts of politicians, and may eventually have a very marked influence upon all civilized 
nations, in changing the relative value of gold as a standard. 

•* In Russia, as in the Brazils, the great mass of the metals is derived from local detritus or alluvia 
usually called gold sand, but for which (as far as Russia is concerned) the term of shingle would be much 
more appropriate. With Very trifling exceptions, all such auriferous detritus in the Russian empire occur 
on the eastern or Siberian side of the Ural. Slightly known, and near Ekaterinburg only, in the days 
of Pallas, it was not until the reigns of Paul and Alexander, that these gold alluvia were found to extend 
in a certain zone to the north and south of that locality, throughout 5^ or 6^ of latitude, and that even- 
tually gold w*as extracted from them to the annual value of about half a million sterling. Notwithstand- 
ing the increased exploration of late years, and many researches in the northern and southern portion of 
the chain, thi^ quantity has been rarely exceeded, and latterly, the alluvia in some tracts being exhausted, 
it has begun to decrease. The reign of the Emperor Nicholas has, however, been distinguished by the 
important discovery, that portions of the great eastern regions of Siberia are highly auriferous, viz. in the 
governments of Tomsk and Yeniseik, where low ridges, similarly constructed to those on the eastern flank 
of the Ural, and like them trending from north to south, appear as offsets from the great east and west 
chain of the Altai which separates Siberia from China. And here it is curious to remark, that a very few 
* years ago this distant region did not aflbyl a third part of the gold which the Ural produced, but by 
recent researches.^n augmentation so rapid and extraordinary has taken place, that in the last year the 
eastern Siberian tracts yielded considerably upwards of two millions and a quarter sterling, raising the 
total gold produce of the Russian empire to near three millions sterling ! ! 

** Now if this great increment be sustained during a certain number of years, there can be no doubt, 
that it will, to some considerable extent, reduce the standard of value, and lead to considerable change 
in our social relations, llie first question therefore is, to what extent is it likely to be sustained ? Gold 
alluvia l>eing but the detritus of veins which once existed in the adjacent rocks, it might be supposed that 
in piercing tthse rocks the miner would find more copious stores of the metal. Experience, however, 
has taught us that such is not the fact, and to whatever cause due, it is certain that the veins which rise 
from great depths in the crust of the earth are richly auriferous towards their upper limit only. Hence 
it is that nearly the whole of the ancient surface of rocks having undergone denudation and consequent 
destruction, the greater quantities of gold are found in the detritus on the flanks of the hills, or in the 
valleys between them, s So long, therefore, as these alluvia are unexhausted, so long may the miner ex- 
tract from them, by a cheap and easy method of macerating and washing, the ore which would be obtained 
at much greater cost from the solid rock. Now, those alluvia having well-defined bottoms, and being of 
measurable extent, may certainly be exhausted ; and the disappearance of gold from all those civilized 
countries in whose earlp days it was abundantly found (even in our own isles), is a proof that such must 
sooner or later be the case. But how long is it before this period of exhaustion will arrive ? When we 
reflect upon the length of time which the one region of Brazil has continued, 1 believe with undiminished 
quantity, to supply modem Europe with its great mass of gold, the opening out of a new El Dorado 
should teach us to be very cautious in attempting to limit the auriferous capacity of the vast and slightly 
explored regions of Siberia. The north and south counterforts of the great Altai may, in truth, prove to 
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be but the indications of similar spurs, or detached meridian ridges, which may be discovered in many 
other tracts of a region equal in extent to the whole of Europe. From the researches of the Russian 
engineers, and from Humboldt and his associates, we learn that rocks similar to those which afe so auri- 
ferous in the Ural, reappear in various parallels of longitude along the flanks of the Altai. By a recent 
letter, indeed, from my friend Colonel Helmersen, the distinguished and successful explorer of the Ural, 
Altai and Siberia, I learn that his former associate in these countries, Professor Hoffman, has, in his last 
visit of 1843, discovered a tract in Siberia, in which the very richest gold alluvia occur in a “ terrain** 
exclusively composed of granite and metamorphic schists, the gold being in the latter. Now in the Ural, 
as in other parts of Siberia, greenstones, syenites and serpentines seem invariably to have been the agents 
by which the metamorphic rocks have been rendered auriferous ; this discovery, therefore, widens the 
field of the gold-searchers, and opens out great probable, practical as well hs theoretical, results. In 
truth, Siberia and its adjacent regions may be found to contain another Brazil, where granite also is the 
great eruptive agent of mineralization and metamorphism. 

" Count Keyserling also assures me in one of his letters that the discovery of M. Hoffman relates to an 
area larger than France^ e^^ery part of which seems to be more or less auriferous, and all the subjacent 
rocks (palaeozoic schists and limestones ?) when pounded up and analysed affording a certain per-centage 
of gold ! If this diffusion of gold through the very matrix of rocks, which is, I may observe, a phseno- 
menon hitherto almost unknown *, be really found to hold good over so vast an area, it^imparts a new and 
most important element to our reasoning, and renders it vastly more probable that no sort of limit can 
be set to the increast of the produce of Russian gold. We know also from our enterprising medallist, 
Adolph Erman, that palaeozoic, eruptive and metamorphic rocks, similar to those of the Altai and the 
Ural, extend even to the Alden mountains ^ not far from the shores opposite Kamtschatka ; and if so, 
why may they not contain the same minerals ? Again, we ^e told by Helmersen and others, that son«i 
of the southern offsets from the Altai, which extend into China, are auriferous, a^d one of theTii, the 
Tar-Bagatai, the northern part of which is in the Russian territory, has already proved highly productive. 
The last fact is of very great importance ; for the Celestial empire, which has only just now been partially 
opened out to European enterprise, may very probably (and I have strong reasons to think that the same 
classes of rocks extend through Chinese Tartary) prove to be another golden region like Siberia. Even 
in our own Hindostan, auriferous veins and deposits, as yet, it is true, of no great value, are known at 
various points from north to south, and have recently met with a good describer in Lieutenant Newbold, 
who strongly urges their further and more scientific exploration*; whilst we have yet to learn, whether, 
in the progress of civilization, the gold tracts of South Carolina may not afford considerable additions to 
the metallic wealth of the new world. 

** But. reverting to Northern Asia, how are we to limit our anticipations of the augmentation of such 
produce, when it is a fact, that within the last few years only, a tenth portion of the earth’s surface (Chi- 
nese Tartary and Siberia) has been, for the first time, made known to us as in many parts auriferous, and 


‘ In our travels in the Ural we learned, indeed, from General Anosoff at Zlataiist, that by a searching analysis, 
gold had been discovered disseminated in the matrix of some of the limestones south of Miask^. 

* M. Adolph Erman has made the bold effort to colour geologically large portions^of Siberia and the whole oj 

Kamtschatka under the title of ** Geognostische Skizze von Nord Asien.*' (Archiv fiir Russland. Berlin, vol. ii.) 
The more recent travels of M. Middendorff show the extension of the same eruptive and metamorphosed palaeozoic 
rocks from Nertchinsk to the Stanovoi mountains, and to the Shantar Isles in the Sea of Okl^ptsk. (See Mr. Mur.- 
chison’s Anniversary Address to the Royal Geographical Society, May 1845.) ' ^ 

* Journal of the Royal Asiatic Society, 1843, p. 203. 
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when from one portion of it only, Europe ia already supplied with so very large an amount of her chief 
circulating medium ? Well, therefore, may political oeconomiats now beg for knowledge at the handa 
of the physical geographer and geologist, and learn from them the secret on which the public faith of 
empires may depend.’’ 

M. 

Why the right bank of the Lower Volga is alw'ays higher than the left bank. 

In the text%nd in the description of the Maps we have simply noted the fact, that the right bank of 
the Volga is almost invariably a high cliff, whilst the left bank is low. This remark requires to be 
modified before a rational attempt can be made to account for a phsenomenon apparently so difficult of 
explanation. In the ugpe# portion of its long and tortuous course, when the stream glides down from 
the Valdai Hills by Tver to Mologa and Yaroslavl, and again from the latter city by Kostroma to Yu- 
rievetz, no such feature's dominant ; the left bank being frequently as high as the right. It is specially 
from the point where the Oka is confluent with the Volga at Nijny Novogorod, to the parallel where the 
mighty river quits the hilly grounds of Tzaritzin and Sarepta to debouche into the Caspian at Astrakhan, 
that the right bank is not only invariably the highest, but is in many places absolutely a cliff, standing 
out agamst thejow countries on its left bank*. By a simple glance at our Map, the geological reader 
w’ho has perused ^r description of the nature and extension of the former Caspian will at once see, 
that all the region occupying the right bank of the Volga from a little below Kazan, to the tract where 
the ground subsides into the low country of the Kalmucks, has the character of the edge of an ancient 
continent, whose eastern shore was washed by the great Aralo-Caspian Sea. Subsequent elevations of 
the whole continent which have desiccated to so great an extent the former bed of that enormous Medi- 
terranaan, in the manner we have l^xplain^, have simply left the Volga to find its way to the present 
Caspi&, along the l^e of junction of the dried-up sea-beds and the ancient cliff; the respective relations 
of these masses being preserved. On further inspecting the Map, the reader will see, that the Caspian 
deposits are marked as extending northwards only to Spask ; but here we mu^ obsen^, that judging from 
the very low form of the grounds on the left bank of the Volga, both at Kazan and in ascending from 
thence by Tcheboksar to Nijny Novogorod, it is very probable that the Aralo-Caspian (the extension of 
which to Spask we should not have known without the researches of M. Jasikoff) may probably have 
ramified in a bay over the low expanses to the north of Tcheboksar and Nijny Novogorod. Those flat 
tracts, occupied*by marshes, meadows and woodlands, are however so much overflowed by the Volga in 
the spring months, and have thereby been so overspread with modem alluvia, that it is not likely the 
traces of the residence of the ancient Caspian, if it ever extended there, can now be discovered, although 
the contour of the ground naturally leads us to speculate upon such having been the case. At all events 
we have no need to put forth any theory whatever to account for the phenomenon, from below the city 
of Kazan to the hills sqputh of Sarepta, throughout which space, of about 600 English miles, the low 
country on the left bank of the Volga is shown by its shells to have been the bed of a former Mediterra- 
nean, of which the high grounds on its right bank constituted the western shore. 

* Mn a memoir by our fridhd Major (now Lieutenant-Colonel) Blode, the phsenomenon of the right bank of other 
rivers in Russia being higher than the left is explained by a theoretical view of elevation and depression to which 
we cannot now render justice, having mislaid his work. 
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N. 

Permian Rocks near Bachmuth (p. 114) and on the Suchona (p. 178). • 

As some geologists who follow our traces in Russia may be of opinion, that the red sandstones and 
yellow limestones near Bachmuth, which we have considered of Permian age, ought rather to be classed 
with the Carboniferous system, we will merely say, that a recent survey of the junction of the equiva- 
lents of the Permian rocks (lower red sandstone and magnesian limestone) with the subjacent coal 
measures in the West Riding of Yorkshire, has convinced us, that there, as in the environs of Bachmuth, 
the two deposits are naturally connected by mineral transition and conformable stratification. In both 
cases, that which comes under the head of Permian, is simply the continuation of the carboniferous group 
under a peculiar and modified t 3 rpe. * 

Not having detected fossils on the Strelna and Suchona in our first survey, the name of “ calcaires 
muets” was then applied to the limestones subordinate to the red marls of that “tract (p. 178) ; but the 
subsequent researches of Count Keyserling have rendered that sobriquet inapplicable, by the discovery of 
the Terebratula Geinitziana and T. elongata (see Permian Table, p. 222). 

O. 

Coal-fields of Poland and Silesia. • 

Having explained in the work, that throughout the Russian empire there is no productive coal-field 
above the carboniferous limestone, and that nearly all the Russian coal occurs in that formation, it is in- 
teresting to remark how, in receding from that peculiar eastern development and on entering into Poland 
and Silesia, the deposits of this age assume the prevalent type of Western Europe, andT consist of coal 
with sandstone and shale in masses, which (like those of tile Belgian and British coal-fields) dii2|;^nctly 
overlie the carboniferous or mountain limestone. In traversing the carboniferous trJets of the kingdom 
of Poland west-north -west of Cracow (see Map), we found the mountain limestone at the surface to the 
north of Krzezowice, but t!«t rock subsiding to the west, is succeeded at Sierza (the mines of Count A. 
Potocki) by true overlying coal-measures, which arc worked by galleries on slightly inclined planes. Still 
further to the west these coal-measures greatly expand (also very slightly inclined) around the govern- 
ment mines of Dombrova, Bendzin, &c. (kingdom of Poland), The chief masses of coal, which are there 
worked in open quarries, exceed in magnitude any examples of the old or palaeozoic coad with which we 
are acquainted. In the cuttings, for example, near Bendzin, the coal is at one spot actu^ly nine larhters 
or near sixty feet thick, and therefore double the dimensions of the strongest British seam, that of the 
Dudley ten-yard coal. The overlying sand and shale are loaded with impressions of fossil plants, which 
are almost invariably found prostrate and much broken; and M. Pusch, now^ engaged in directing the 
works, informed us, that he never met wdth more than one instance of a vertical fossil tree- stem amid a 
very great profusion of ancient vegetation. In alluding to the vast thickness of this Polish coal, we may 
observe, that portions only of the sixty feet constitute fuel sufliciently good to forge the iron of the mines 
of the Imperial government. 

The eastern limb of this coal-field passes into Prussia, and is worked at Kdnigskutte, &c, in Lower 
Silesia, where, although the coal-seams are not so thick as on the Polish side “of the frontier, the coal- 
seams are of good quality and are turned to the best profit. As this coal-field is evidently an upcast 
through surrounding secondary formations (Muschelkolk, Jura. &c., see Map, PI. VI.), it may at some 
future day be advantageously won by deeper shafts over a considerable area. • ^ 

The little coal-field of Upper Silesia occurs as a one-sided trough in the moun&inous t?;act between 
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Breslau and Olatz, where a good many seams of coal of fiur quality are exposed (usually at angles of high 
inclination), having been perforated by many eruptive rocks. On their eastern flank they repose on true 
carbonifeitus limestone with Proiuctus giganteus, and on the west pass under red sandstone, shale, con- 
glomerate and black limestone (Permian). See p. 199. 

P. 

t Tertiary Deposits of Northern Germany and Poland. 

Although we have ventured to colour a large region (chiefly, indeed, occupied by northern drift) as 
probably containing a substratum of Eocene age, we know that deposits of younger date also occur in it. 
Thus, Professor Goppert acquaints us, that some of the brown coal of Silesia (Taxus, &c.) contains plants 
comparatively modem, Vhilst that of Hessia is charged with extinct species, and is therefore of higher 
antiquity. The correct demarcation of these tertiary accumulations must be worked out by other geolo- 
gists ; our sole aim being, as we have explained (p. 281 et seg.), to show, that to the north of a certain 
zone there exist, at inten’als, deposits containing older tertiary shells which essentially differ from those 
of the gpreat masses of Miocene age that occupy South Poland, Volhynia, Podolia and Bessarabia. 

0 . 

• Steppe Limestone (Aralo-Caspian). 

In the introductory chapter (p. 8*), which was written after the great body of the work w’as printed, we 
have alluded to certain corrections made by the discoveries of M. Basin ier and the comments thereon by 
Colonel Helmersen, of an inference we had drawn (p. 310), concerning the Ust-Urt, which we at one time 
supposed to be entirely occupied by the stefpe limestone. In fact, the opinions there expressed (derived 
from the works of cto precursors) are substantially corrected, p. 325, as well as in the introduction. The 
Map, Rate VI., has, indeed, been coloured according to our present views, as regulated by the subsequent 
perusal of the memoir of Colonel Helmersen, “ Ueber die geognostische BesdbafFenbeit des Ust-Urt und 
in besondere dessen Ostlichen Abfalles zum Aral See," Nov. 1844 (Classe Phys. Math, de TAcad. Imp. de 
St. Pi^tersbourg, tom. iv. No. 73, 74). It is through the researches of M. Basinier, and the inductions 
of Helmersen, that not only the mass of the Ust-Urt, but also a wide tract to the north of it, have been 
placed in the parallel of the Oceanic Miocene deposits of Podolia, Volh 3 niia and Bessarabia. But not- 
withstanding the existence of deposits of Miocene age in the Ust-Urt, it is still true, that the Aralo- 
Caspian or steppe limestone, such as we described it, forms the immediate cliffs of the Aral, as well as 
of the Caspian ; whilst it is equally clear, that the two seas were formerly parts of the same great inter- 
nal, brackish and freshwater Mediterranean, wdiich spread over all the low country between them to the 
south of the Ust-Urt, and extended by Khivah far eastwards and southwards. Nor can it yet be posi- 
tively assumed, that all t£e region of the Ust-Urt is formed of oceanic deposits ; for until that vast pla- 
teau be traversed in various directions by competent geologists (M. Basinier having only passed along its 
eastern edge), it cannot be denied that portions of the steppe or Aralo-Caspian limestone which subtend 
it on three sides, may also have been elevated into some parts of it. In the meantime, our Map is coloured 
fli consonance wilh the i^ews of Colonel Helmersen, whose general opinion respecting the succession of 
the tertiary deposits in the eastern portion of the Aralo-Caspian region, is perfectly in accordance with 
that at which we arrived through our own observations, in respect to the western country around the 
Black Sea, the Crimea and the Sea of Azof. 
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I —LITHOGRAPHIC SKETCHES. 

» 

1. Frontispiece of Part 1. 

This sketch represents the culminating points of the Ural Mountains between Zlataust on 
the west and Miask. The rocks consist of quartz rock (probafily.metamorphic Silu- 
rian) ; and near their summit is engraved a memento of the visit pf the Grand Duke 
Alexander, the heir apparent, when His Imperial Highness ascended to the highest pin- 
nacle (see p. 434). 

2. Frontispiece of Part II. p. 338.) ^ 

Gorge of the river Tchussovaya, on the western flank of the Ural Mountains, abovi Ust-Koiva, 
representing flexures of the Carboniferous and Devonian liipestones, chiefly the former 
(see description, p. 388). 

• 3. {Facing p. 362.) 

This view represents the geologists descending the Siberian riv*r Issetz, east of Ekaterinliurg, 
in amnll canoes. The peasants are assembled at the village to witness and cheer the )f>ro- 
gress of the travellers, and the chief rural officer of the district is waiting to receive them 
at a river dam near oye of the numerous corn-mills on that river. The rocks forming the 
river banks are porphyries. 

4. (Facing p. 392.) 

View from the summit of the Katchkanar in the North Ural Mountmns. The lofty rocks in 
the foreground are of eruptive origin and highly magnetic, and the spectator is looking 
northwards over trackless, dense forests, the distant and loftier peaks being capped with 
snow. 

5. (Facing p. 395.) 

The Fortress and Monastery of Verkhoturii orVerkoturie, on the Siberian or east flank of the 
Ural Mountains, as seen from the west. This was one of the earliest strongholds of the 
Russians constructed after their occupation of Siberia. The rock is a granite. 

6. (Facing p. 425.) 

The peep into Siherie torn Mount Sngom«t neer Kishtjrmdt i. cluuneterirtic of the boundlen, 
flot tnet occnpled by nnmerou. take, which lie. on the extern Sunk pf the Ur J Monnttan. 

InthntltatalleL The Church md Z.™d (forge) of Ktahtynnk ko Men below. 

• 4 p 
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7. {Facing p. 428.) 

The remarkable mountain of Taganai near Zlatailst, or " Tripod of the Moon” in the Bashkir 
language, is here viewed firom the side of an adjacent mountain on the west. The peaks 
consist of quartz rock like those of the frontispiece, from which they are only separated by 
a valle}'. The tree in the foreground is intended to represent the Pinus eembra, so cha- 
racteifstic of the Ural Chain. Being sketched from a considerable height, the Taganai of 
this drawing scarcely conveys an idea of sufficient altitude. 

f 

* 8. (Facing p. 437.) 

This view of the Lake Aushkul and the Holy Mount of the Bashkir inhabitants of the Southern 
Ural has been selected finm many sketches, as giving a good general idea of one of the 
richest gold tracts on the eastern slopes of the chain, which is seen in the distance. The 
Russian officers are General Anosoff and Major Lissenko, who accompanied Mr. Mur- 
chison and Lieut. Koksharof finrn Zlataust and Miask to this spot. 

9. (Facing p. 448.) * 

View of the jGuberlinski Hills (South Ural), as seen from the gate of the post-house in the 

• 'village of that name. A fiaskhif guard on horseback, with his bow and arrows and spear, 
who accompanied the travellers along this portion of the Kirghis frontier, is contrasted 
with a Russian peasant. 

10, 11. (Facing p. 450.) 

One of these sketches represents the travellers in their tarantass ” (a body of a britchka on 
long wooden poles), approaching Orenburg in the low steppes to the south of the Ural 
Chain ;*tbe other as they are coming back towards the ridges of Carboniferous limestone 
in the Gurmaya Hills of the South Ural. (See also p. 146.) 

12. (Facing p. 453.) 

A Bashkir summer camp in the high recesses of the Irendyk, or chief ridge of the South Ural. 
In the foreground is Mohammed John, the Bashkir proprietor of the camp, in conversa- 
tion witii a Russian settler and a mounted Bashkir. In the middle is a Russianized 
Bashkir officer and two common Bashkirs with a female ; and in the distance are seen the 
mares from whose milk the Kumiss” is being prepared over a fire. Black skins filled 
with Kumiss stand against the wicker-work of the tent, which is covered with a stout felt. 

N.B. (For the two Plates A and B in the Appendix, the one illustrating the palaeozoic corals, 
the other terth of Devonian ichthyolites, see the accompanying descriptions.) 
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IL— COLOURED SECTIONS. 

PLATE L 

This Plate refers exclusively to the Carboniferous region between the Don and the Dnieper, 
usually known as the coal-field of the Donetz. (See detailed account of, pp. 89 seq.) 

PLATES II. TO IV. 

These three long coloured Plates represent a series of transverse sections of the North and 
South Ural Mountains on various parallels of latitude, as explaineSl in the text from 
pp. 353 to 403, and pp. 420 to 461. As each coloured section has a separate title and is 
fully explained in the text and on the copper-plates, any repetition of description is here 
unnecessary. (At the heading of Chap. XVIII. p. 420, Plate III. has, through an omis- 
sion, not been referred to.) , 

PLATE V. ^ • 

Contains a section from the low tracts on the west, up to the axis of the Arctic Ural, and 
other sections across the Timan range and adjacent country. (See pp. 404 et seq.) 

III.— MAPS. . 

•• 

PLATES VI. AND VII. 

The General Map (PI. VI.^ was commenced in 1840, after our first journey to Russia, and in 
its earliest state (when exhibited at the British Association for the Advancement of 
Science in the autumn of that year) contained the chief demarcations of the older palaeo- 
zoic formations only, as extending from south-west to north-easth It was not, however, 
until after our much longer continued and more extensive explorations of 1841, that we 
WTre enabled to colour a general Map of Russia, a copy of which we laid before His 
Imperial Majesty in the autumn of that year, accompanied by a long section across the 
empire from south to north, of which the figure at the bottom of the Plate is a reduced 
copy. The existence of a great dome-shaped mass of Devonian rock^ around Orel, which 
forms so prominent a feature in that section, was, indeed, observed by us on two parallels, 
in our journey from south to north during the autumn of that year, in which it was also 

• 

* In the Preface we have already spoken of a geological map of Russia compiled by Colonel Helmcr- 
sen (St, Petersburgh, 1841), who in his account of its construction gives due merit to every contributor, 
from the early days of Strangway s to the period of our first visit when we travelled to Archangel and 
across the province of Vologda (see Preface). Another map, also embracing our^first year’s results, was 
published by M. Adolph Erman in his Archiv fur Russland (Berlin), 1^1, a comparison* of which with our 
present maps will show the progress made since that time. • 


4p2 
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observed by Colonel Helmersen quite independently of ourselves. (See p. 53 et seg.) 
In^l842 (our general classification having been pointed out in memoirs read before the 
Geological Society of London) the Map was engraved and coloured accordingly in the 
form which it now possesses^ and with a table of organic remains to a great extent the 
same as that now appended to it. If the map had even then been published, all the 
main features of classification would have been sufficiently sustained for general objects ; 
but we naturally withheld it until we had reviewed and more thoroughly examined our 
organic remains^ and had so extended our researches as to produce the present work. 
Points of great importance have thus been added^ the chief of which consist in the new 
features of thfc Southern Ural, the insertion of the correct physical geography of the 
Ural Chain, the geographical and geological outlines of Scandinavia, and of various ame- 
liorations along the Polish and Carpathian frontiers ; some of which we derived from our 
own explorations continued to 1844. Other changes and improvements have successively 
taken place, particularly in reference to great regions surrounding the area of our personal 
survey.# For these we necessarily consulted the map of Von Dechen for the German 
frontier, add the new map of Zeuschner for the Carpathians. Turkey is chiefly coloured 
from Bou^‘; the Caucasus is entirely taken from Dubois de Montpereux; and the coun- 
tries south of the Black Sea from the researches of Mr. W. J. Hamilton and Mr. W. 
Ainswofth ; whilst the desert tracts between the Caspian and the Aral have undergone 
• ameliorations through thfr critical inquiry of Colonel Helmersen into the observations of 
Basinier aivi other travellers. In regard to geographical features, the newest and most 
recent are those introduced from the Russian surveys of the South Ural and of all the 
wild regions extending therefrom to the Ust-Urt and the Caspian and Aral Seas. These 
are chiefly derived from maps scarcely yet published and prepared by the brothers Khani- 

1 We must here request geologists to understand, that as the portion of the Map representing South 
Hungary, Transylvania and Turkey is coloured to a small extent only from our personal knowledge, it is 
necessarily imperfect. Concerning a central portion of that region, we are, indeed, indebted for some 
corrections to our friend Mr. Warrington Smyth ; but we beg unequivocally to state, that we are by no 
means certain whether portions of the crystalline rocks of these countries, which are coloured by us as 
metamorphic, may not be of azoic age ; whilst some of the granites may also be of azoic age, and not 
as we have inserted th^m, of date posterior to the palceozoic deposits. At the same time, whether our 
method of parallelizing the Turkish crystalline masses be right or wrong, we are certain from personal 
inspection of the Caxpathians, that the Tatra granitic rocks have been erupted long posterior to the 
palseozoic deposits, and are therefore wholly distinct in a geological sense from the azoic rocks of Scan- 
dinavia. They have indeed been evolved since the deposit of a sandstone which lies beneath the Liassic and 
Jurassic deposits, and have in some cases even protruded over these formations. Believing, in fact, that 
the Carpathians have been upheaved and mineralized in a manner very analogous to the Alps, we have 
(judging from th^ir relations) assigned to all the granitic rocks between them and the shores of Greece, 
a like modem age^ and*on our general map we have not attempted to separate them from other eruptive 
rocks, even from those which are posterior to tertiary deposits. 
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koff, one of whotn^ M. James Khanikoff, is about to issue a Russian map of the South 
Ural, the others M. N. Khanikoff, having obligingly sent us his compilation from various 
new surveys and his own, esctending to the Aral and the Caspian ^ 

Even in a purely geographical view, we are therefore enabled to lay before the European public 
a map charged with many outlines and positions unknown to geographers, especially to 
those of England. The most original portion, however, in which one of us (Count Key- 
serling with his associate Lieut. Krusenstem) has worked out, is the Timan Range and the 
basin of the Petchora, no correct features of which region were ever before published. 

In an effort so arduous as the construction of a geological map of Russia in Europe and the 
Ural Mountains, and a tabular classification of all the sedimentary deposits, we bespeak the 
indulgence of critical geologists, and beg them not to look for errors of demarcation and 
detail, but fairly to regard the general intention and scope of the work. At the same 
time, we may be allowed to say, that we have laboured hard to render our Map as correct 
as possible up to the last moment, and have spared no expense in repeatedly altering the 
copper-plate as fresh knowledge was acquired. This process of improvement.might doubt- 
less have gone on for many years, but the period has arrived w hen we Must launch our 
work. And here we must state, that although the Imperial ^Government possesses most 
elaborate and beautifully executed surveys of nearly all the frontier countries*, no good 
physical maps have yet been published concerning the mass of Central* I^ussia, nor are 
even the materials for their construction yet gathered together. • . 

That vast undulating region consists of various round-backed and plateau-shaped masses of 
land, for the most part of small elevations from 200 to 600 feet above the sea, and rising 
at very rare intervals to altitudes exceeding 1000. To attempt the delineation of such 
monotonous hills without very accurate data, would merely have been to convey imperfect 
ideas ; and we have, therefore, restricted ourselves to the representation of the chief moun- 
tain ranges by which Russia and Europe is subtended. In the interior we have alone 
lightly defined the chief watershed of the Valdai Hills, and a small though perceptible 
parallel ridge in Livonia, for which we are indebted to our friend M. Struve. We have 
also inserted the remarkable feature of the high ground on the right bank of the Volya 
below Nijny Novogorod as contrasted with the low country on its left bank^. When the 
great trigonometrical survey of that eminent astronomer and his associate General Ten- 
ner, to which we have alluded, shall be accomplished, then indeed the western frontier of 
Russia in Europe will be accurately laid down, and then may geologists proceed to elimi- 
nate details which are quite beside the objects of our present labours. ^ 

* We have already adverted to the survey of Captain Romanoff between the South Ural and the Aral 
Sea, p. 341. 

« See Mr. Murchison’s account of these in his Anniversary Address read to the ^pyal Geographical ^ 
Society, May 1845. (Journal of the Royal Geographical Society, vol. xv.) ^ 

’ See explanation of this phsenomenon, Appendix N. p. 650. ^ 
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In defining the boundaries of the diSmnt formations beyond the sphere of our own explora- 
tion^ we have necessarily consulted the observations of our predecessors. Of these the 
most useful to us in the first instance was a small general map compiled by Colonel 
Helmersen after our first visit to Russia. Any one, howev'er, who will take the trouble of 
comparing our Map (Plate VI.) with all previous attempts, from the early map of 
Strangways to that of Helmersen, will see what improvements and additions have since 
been made. The outline, however, between the cretaceous and tertiary rocks of the 
South of Russia will, we apprehend, be found the most defective, that region having been 
traversed by us on a few parallels only, whilst the ages of the deposits have, as yet, been 
there but very obscurely tested over large tracts by any characteristic organic remains. The 
mineral characters of the surface (in the cretaceous and tertiary tracts) are, indeed, very 
often to a great extent the same, except where the white chalk appears. 

In orthography we have usually endeavoured so to write the words upon our Maps, that they 
may be correctly pronounced in the English language* On this point we must observe, 
that we have everywhere endeavoured to avoid the use of that method of writing Russian 
names, whi6h, through the authority of various German writers from the time of Pallas, has 
become too prevalent. ' The Russian r, for example, is exactly the English or French v ; 
and the German to is, therefore, quite a misapplication in a joint English and French work. 
For the perman sch we have simply employed sh, fearing that if the c had been interpo- 
i lated, many English as we£ as French readers, would give a hard instead of a soft sound 
*to the Russian words in which it appears. The vowels a, e, i are to be pronounced as is 
usual in foreign words, according to their Italian sound. The vowel u in every Russian 
word is pronounced like the French ou or the Italian «, and we thidrefore simply retain the w, 
attaching to it the Italian sound. In regard to the use of the ch before a vowel, we have not 
adhered to a practice introduced by some English writers, of applying it as pronounced in 
the words choose or cheese^ but have prefixed a T, as in the words Tchussovayat Tchudova, &c. 
Our reasc^ns for preferring Tch are, that many Englishmen, in perusing foreign works, are 
apt to sound the ch hard (as the Germans), or like a guttiunl *, whilst again, if so vrritten, 
it would necessarily be pronounced soft by Frenchmen (like our sA*) ; and thirdly, because 
when preceded by a T, no Frenchman, Englishman or German can pronounce the words 
incorrectly. In preparing the Map Mr. Arrowsmith has, indeed, occasionally used cA, but 
whenever we have detected it in time, a change has been made to Tch. Generally, where 
the letter j precedes a vowel, it is to be pronounced as y. In every such instance it was, 
indeed, our wish to use the y, as in the words Yenisei^ Yaroslavl, &c., but in a veiy few exam- 
ples (through tha habit of writing names and places according to the German or French 

^ The strongest reason for not using ch as pronounced in the English word choose is, that in our own 
second or French volume^ such consonants are often soft before a vowel Thus, the name of our young 
companion Lieut. Kpksharoff is written Kokcharoff in French, the carboniferous locality Priksha of this 
volume is spelt Prikeha iq the other, and Shavli in English is Chavli in French. 
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method) the J has erroneously crept into the text and Map, as in the mountain Jurma, 
and in the towns Jurievetz on the Volga and Jelatma on the Oka, which are ^stinctly 
pronounced Yuma, Yurievetz and Yelotma. And although there are examplPiij in which 
the /, as pronounced by the English, conveys the proper sound, as in the Sclavonic words 
Jevitze, Jeleznoe, &c. (Gelesnai, Fr.), we ought perhaps invariably to have followed a 
method not unusual in writing Eastern names, and which we have occasionally adopted, 
as in the words Ijjelebeek, I^fabyk-karagai, &c. There is a peculiarity in the Russian 
pronunciation of the o, which has rendered uniformity extremely difficult; custom or 
fiuhion having in many instances led the Russians to sound the as a broad a, though 
the syllable be spelt with an o. In some of these cases we have written the word as it 
is pronoimced, though in most we have simply followed the Russian spelling. 

The geological classification adopted in the General Map is so apparent, that little or no expla- 
nation is here needed concerning the different sedimentary deposits which succeed to each 
other, from the oldest on the north to the yoimgest on the south, the divisions being essen- 
tially the same as those applied by one of us to England'. In defining the igneous rocks 
we have adhered to that principle which we believe we were the first to int^>duce, of repre- 
senting all such rocks in tints of the same colour (red) *. In the General Map, details being 
impracticable on so small a scale, we have necessarily been limited to broad distinctions. 
Thereon, therefore, we simply represent the earliest formed sediments (anterior to all traces 
of organized beings) and which have been much affected byfigneous agency in pale carmine* 
(letter a). In darker carmine (A) we group all the eruptive rocks which have traversed 
the subsequent sedimentary deposits, one of the most recent of these masses being 
the granites on the eastern flank of the Ural Mountains. In those tracts, proofs have 
been obtained, not only that the granite has burst through all the sedimentary palaeozoic 
rocks, but has also pierced other eruptive rocks such as greenstones, porphyries and 
serpentines. Whilst, therefore, we are unable to define such phacnomena on the small 
scale of our General Map, we have attempted it in the special Geological MiQi of the Ural 
Mountains, wherein three classes of eruptive rocks are distinguished by different tints of 
red and by different signs. 

As the Map, Plate VII., is the first effort made to give a geological representation of the Ural 
Mountains, so complex and diversified in mineral features, we trust, that our labours M ill 
be viewed with indulgence by those who may hereafter have much greater opportunities 
than we possessed of grappling with such a task. Besides our own observations, hoM'cver, 
we have endeavoured to compile the fragmentaiy descriptions of variops parts of the 
chain, as given by Hermann, Erman, Humboldt, Rose, Helmersen, Hofmann, &c., and to 

' See Geological Map of England by Mr. Murchison, published by the Society for the Diffusion of 
Useful Knowledge. * 

* See Maps of Brora and the Hebrides and of the Austrian Alps. Trans. Geol. Sob., vols. ii. and iii. 
new series, and Map of the Silurian Region in the work entitled the ‘ Silurian System.’ 
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consult the local maps prepared by the different officers of the Imperial School of Mines 
alluded to in the text, in relation to the districts around different centres of mining 
operations. But, after all, the spaces being considerable, concerning which we have no 
information to be depended on, we have necessarily connected the broken materials in the 
best manner in our power. The great point we aim at in the Uralian Map, is to show 
a regular succession of the unaltered palaeozoic deposits (3, 2 and 1) on the west flank 
of the* chain, until they reach the great fissure of eruption along which they have been 
crystallized and metamorphosed (c, c*, c*, c^) ; whilst on the east flank of the chain, though 
much dismembered and insulated amidst a vast spread of various igneous rocks, the same 
palaeozoic masses are still recognisable, and occasionally become quite distinct when fol- 
lowed down into the low countries of Siberia (as on the river Issetz). 

Humboldt, Rose, Helmersen, Hofmann, Erman, Tchihatcheff, Middendorff and other ex- 
plorers of Siberia having, through the fossils brought back by them, satisfied us that the 
same rocks we define in the Ural, are largely developed in wild regions far to the east of 
these ukDuntains, so we are led to hope, that the classification we have attempted may be 
of use in ifiethodizing the arrangement and description of the chief Siberian rocks. 

Another object is to show*at a glance, that although originally composed of sedimentary 
formations essentially the same, and all affected on the same great meridian strike, the 
mounta\ps* of the North and South Ural offer some remarkable features of difference. In 

• •the former, the ancient deposits to the west of the axis contain but little quartz rock, whilst 
* in the broa4 south-western expansion of the South Ural, such rocks (c’) abound, and con- 
stitute some of the loftiest ridges, including the Iremel. 

The gold alluvia, extending to the river Losva, and a little beyond thejimits of the Uralian Map, 
(with the single exception of Chrestovodsvisgensk, near Bissersk, in parallel 58^°) are 
found on the eastern side of the great axis of mineralization. Taking Ekaterinburg as the 
centre of these auriferous deposits, they may be seen, as indicated by the bright gold 
colours dotted at intervals, to extend pretty nearly as far south as north of that city. They 
die away, however, in the parallel of Tanalysk ; and to the south of the Lake Aushkul and 
Cossatchi-Datchi, few of the sites are worthy of much attention. This t hinning out of 
the gold ore is accompanied by that remarkable change in the lithological features of the 
southernmost Ujal, whereby schists of the carboniferous and other palaeozoic rocks are 
interlaced with countless ridges and bands of porphyry, in contact with which they are con- 
verted into the far-famed Siberian jaspers (c^). By traversing the Irendyk Ridge, which 
forms the qhief axis of the South Ural in the parallels of Verkny Uralsk and Kizilsk, and 
also by crossing the end of the chain at Orsk, we had abundant opportunities of con- 
vincing ourselves, that the siliceous and flinty schists and jaspers are simply metamorphosed 
palaeozoic strata (often carboniferous), which followed from north-north-west to south- 
south-east, termiflate at Kizilsk, Urtazimsk and Tanalysk, in masses of carboniferous shale, 
the limestone associated with which is replete with Producti and Encrinites. 
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In venturing to colour, geologically, the wide tract between the Ural river and the forts of 
Constantinovsk and Michaelovsk in the Kirghis steppes on the east (to which our own 
researches did not extend), we simply desire to generalize the valuable facts obtained 
through the explorations of Colonel Helmersen and Captain Tchaikofsky. The first-named 
has, indeed, shown that the Djabyk Karagai, or northern end of the Kara-£dir Tau is a 
continuation of the same granitic range w^hich we traversed between Miask and Troitsk : 
also that the other eruptive rocks on either flank of the granite are greenstones, porphy- 
ries, serpentines, &c., which have altered and metamorphosed the palseozoic strata as on 
the east flank of the Ural Range, producing in like manner chloritic schists, quartz rocks, 
granular limestones, &c. ; whilst in some of the limestones, encrinites and other organic 
remains occiu* at intervals. This range of Djabyk Karagai or Kara-JLdir Tau, is seen in 
the General Map to be confluent with the Mugodjar ridge, which is a southern prolonga- 
tion of the Ural ; and in perusing our pages the reader will find, that the granite of the 
Siberian and Kirghis steppes, which occupies such large surfaces from Miask, and ex- 
tends at intervals by Ekaterinburg to Verkhoturie on the north, is, as alreacjy stated, the 
most recent eruptive rock of these regions. » 

Our extreme eastern limit of the palasozoic, eruptive and metambrphic rocks, which are de- 
pendencies of the Uralian chain, is necessarily to some extent arbitrary, particularly to 
the south of Troitsk ; for, though at certain points, such as Verkhoturie and Kamensk, we 
have seen tertiary accumulations succeed, we can by no means assert that they are ,con-, 
tinuously extended to the south. The range of such tertiary deposits must, we know^, be 
circumscribed, since we have, by the examination of fossils and rocks from various parts 
of Siberia, convinced ourselves, as before observed, that the same palaeozoic, eruptive and 
altered rocks which are laid dowm on the Map, Plate VII., occur at numerous intervals 
throughout Siberia in all its breadth from west to east ; an inference that has been extended 
to the shores of Kamtschkatka and the Isles of Shantar, in the Sea of Okhotsk, through the 
explorations of M. A. Erman and Professor Middendorff. • 

In colouring this Map, we have, as before said, adhered to our old principle, of representing 
all eruptive rocks under different tints of the same colour. Thus the greenstones, syenites 
and porphyries (i) are in the darkest tint of red ; the serpentines (4) have waved vertical 
lines on a base of red ; and the granites (4*) are in a lighter red ; all of them being made 
distinct from the pale red of the azoic rocks of Scandinavia, as represented in the other 
Map, Plate VI. 

Of the Uralian Map, Plate VII., W'e need say no more, particularly as we have in the text and 
elsewhere acknowledged with gratitude our obligations to General ^Perovski and others • 
(especially to M. J. Khanikoff), for materials which have given to the southern portion of 
the chain so fresh a geographical character. (See Journal of the Royal^Geograph. Soc. 
vol. xiv.) 
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Nor can we, without becoming prolix, enter into much further explanation ol the General Map. 
Three points in it, however, seem to require notice. The first is, that it indicates 
a cfear distinction between those sedimentary (azoic) strata (a) which preceded all traces 
of animal life, and those palaeozoic deposits (1, 2, 3, 4) which are charged with organic 
remains ; each member of this vast group being specially distinguished. 

The second point is, that whilst the Tertiary series is designated by three colours, which on the 
whole *8tand for the Eocene^, Miocene and Pliocene periods, the latter is specially repre- 
sented in South-eastern Russia and the adjacent Asiatic countries, by the remains of a 
vast internal brackish sea, as large as or larger than the present Mediterranean, which must 
have been almost entirely separated from the ocean. (See p. 652.) 

In defining the outlines of the deposits of this vast former Mediterranean, we have been 
guided by what we know of it from personal observation in the steppes of the Kirghis, 
between Orenburg and Astrakhan, and in the tracts adjacent to the Sea of Azof, the 
Crimsea and the Black Sea. In those districts we clearly distinguished limestones which 
had beep elevated to 150 or 200 feet above the sea, from sandy, low steppes, in which 
most of th^same Caspian remains exist, and we have therefore endeavoured to carry out 
such division, by employing two tints of the same colour in reference to far and distant 
tracts of which we have no personal knowledge, but which from the description of various 
travellers mentioned in the work are believed to be of the same composition. The darkest 
. pf these tints (tig. 10) represents the bottoms of the earliest Caspian which have been 
•Elevated into rocky promontories, and the lighter tint (lO') the bottoms of the same sea 
subsequently desiccated, and of which the present Aral and Caspian are the greatly dimi- 
nished existing types. (The northern raised sea-bottoms are sknilarly marked Itf.) 
Thirdly, in reference to the very striking phenomenon of the distribution of the Scandinavian 
drift, we have indicated by arrows that it proceeded excentrically from a common central 
region, and have marked by an engraved devious line (coloured red) the extreme points to 
which the erratic blocks have been transported southwards and eastwards. 

Lastly, notwithstanding the imperfections which must pertain to the first geological maps of 
such vast and slightly explored regions, w e trust* that our endeavours to extend the new est 
British classification into Asia, and thus to co-ordinate large portions of the globe, will be 
adequately appreciated by those who are aw are of the difficulties we have had to en- 
counter, and the importance of the objects in view. In truth, the region we have ventured 
(perhaps too boldly) to illustrate, is nearly twice as large as all those portions of Europe 
hitherto described by geologists ; and this fact alone must be our apology for inevitable 
inaccuracies of detail, particularly in reference to the countries which surround the area of 
our personal explorations. In conclusion w^e would merely say, that if the principle of 

geological arrangement be found correct, our great object is accomplished. 

— • 

^ ' See Appendix, p. 651. 


CORRIGENDA. 


The first volume (with the exception of the first three chapters) having been printed before the organic remains had been defi- 
nitively compared and named, certain changes in the names of species have taken place. In respect to the ichthyolites, some of 
the new names are announced at page 39, Chapter III. (See Yol. II.) 


Page 94*, ybr Hoflftoian reorf Hofmann. 

42, for Bellerophon armatua read PorceJUa armata^ the 

name Porcellia of L’Evcille being preserved for 
certain shells approaching to Bellerophon. I 

43, for Productua apinoaua read P. apinuloaua. 

43, ibr reference to woodcuts, pp. 28 and 30 read pp. 29*, 

30 and 30*. 

45, for Jjeptcena productoidea read Productua produc- 

toidea. 

45. The Orihoceratitea auiyu8\fvrfnia^ which we have only 

seen in frugments buried in the rock, may very pro- 
bably be the same shell as the O. aubpyrifurmia, 
which we collected in the Devonian strata of 
Voroneje. 

45 et aeq. for Priutchka read Priksha. 

57, for Orthia atriatulua read O. atriat\da. 

58, for Terebratula plebeia read T. Puachiana ; since we 

now believe this form to be a new species. 

60, for Lepttena arcuata read L. {Chonetea) armata (Bou- 
chard) ; we have since, however, seen reason to 
believe that this species is distinct, and have named 
it Chonetea nativ. 

61, for Leptaena caperata read Productw caperatua. 

68 (note). The sketches of certain characteristic ichthy- 
olites announced to be given by Prof. Agassiz in the 
Third Part or Second Volume of this work, have 
not been sent to the Authors : for the structure of 
three genera of Devonian ichthyolites, see PI. II. 
Vol. 11. 

— 69, line 9, /or letter c upon the Map read No. 3 upon the 
Map. 

70, /or Priutchka read Priksl;^. 

72 and 76, for Cidaritea DeucaUonia read C. Roaatcua 

(V.Bucb). 

72 and 76, for Orthia arachnoidea read O. arachnotdea. 

73, for Avicula Paldaica read Pecten Vaidaicua, 

79, line 26, for Catenipora read Syringopora. 

79 and 83, Ocetre and Oceta read Ocetr river. 

... .. 80, line 5yfur Anomia read Anomites. 

80, line 13 (below the woodcut), /or tertiar>' reoJ Jurassic. 

- - 87 and 159, /or AlveoUnae read Fusulinm correction, 
p.l35). 

103, /or valley of Kameuka read near Kameiika. 

111 . Orthia planiaaima. This name having been em- 
ployed in the collection of the ImperiiU Mining 
Co^s, we used it, but have since identified the shell 
with O, arachnoidea {aupra). 

115, for Productua horridua read P. Leplayi. 

115 131, 133, for Leptama aarcinulata rcadChonetea aar- 

* cinulata ; this species having been made by us the 
type of the genus Chonetes. 

126, line 3, for Productua comoidea read P. tenuiatriaiua 

(nob.). . , o • .r 

131 , line 9, for Productua guadriradtatua read Sptiyer 

guadriradiatua. 


Page 134, line 25, for Nautilua Ltplayi (nob.) read N. Leplayi 
(Rousseau). * 

— — 135, line 1 1 . The Goryonia retepora is a misprint. The 
corals here alluded to belong to the genus Fenes- 
tella (see Description of Corals, Appendix). 

139 et aeq. for rohte-todte read rothe-todte-liegcnde. 

143, /or Rapoymaya read Rapolmaya. 

143, /or Gorodok in read Gorodok on the Tchussovaya. 

167, /or Retepora read Fenestella. 

174, for Calamopora fibroan read Stenopora craaaa (Lons.). 

175, for Pentarnerua auperatea read Terebratula auperatea. 

209 and 224, /or Malayoraslavctz read Mala Taroslavetz. 

211 (note), /or Timans read Tiraan. 

221 , for TubuHclidia read Stenopora. 

231 , for Belemnitea Puzotianua read B. Puzoaianua. 

232, line 2, /or Gryphic read Gryphs^. 

234, for Ammonitea Foumetianua reau^. coronatua (Brug. 

non Schloth.), as re-determindd by M. Alcide d'Or- 
bigny. • 

237, /or Inoceramus grit read Avicula grit. M. von Buch 

has recently named the so-called Inoceramus, Avi- 
cula Moaguenaia. 

245, for Goro^tche below read Goroditche above Sim- 
birsk. , 

246, for Orbicula maatia read O. M^tia. 

246, /or west-north-west of Simbirsk read north of Sim- 

birsk.' • ’ 

2^, for Inoceramua criaia galli read Oatrea o^ia galli. 

274, to the name Ammonites P mderi add (Eichw.). 

298, /or Hindoo Kusk read Hindoo Kush. 

337, line 4, for conquest of Siberia read colonization of 

Siberia. 

341 (note j, for M. Basiner read M. Basinier. 

342 and 3^8. Konsliakofski or Kondjakofski is spelt 

(^Anglice) Konjakofski on the Map, PI. VI. 

347, line i, for at the head of this chapter, read the fron- 
tispiece to this work. 

396, line 1, where there ia anomiaaion, read north, and for 

11. Losva read Lohva. 

4 10, /or Sophiusa river read Sopliusa. 

411, line 2 from bottom, /or (sec ante, p. 18), read }). 23. 

453, line 21, /or greenstone, porphyritic greenstone, read 

porphjTitic greenstone. 

h2i^^for Kolaa read Kolo. 

526, /or Gleinitz read Gleiwitz. 

564, /or Wallachia read Walachia. 

566, w oodcut 72, for b placed over the water, read e. 

568, over woodcut, for aiteient level of lake read ancient 

levels of lake. 

N.B. For orthography of Russian words employed in this 
volume and on the Maps, see p. 658. 
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St. Petei^burg, August 1845. 

On revisiting this place after our volumes were printed, but before they were jfut into general circula- 
tion, we have availed ourselves of some of the most recent observations in Russia to improve our Map, 
Plate VI. Thus, through our friends M. Pander, who had just returned from a geological excursion, and 
Mr. Frears, a resident at Moscow, we learned that a thin band of ferrugino-argillaceous pisolite containing 
Belemnites, had been observed to form the base of the Jurassic deposit (Oxfordian) at several places around 
that metropolis (Gregorievo, Podolsk, Miatchkova, Bronnitzi, and on the little river TColoksha near * 
Vladimir). In all these places the pisolite is, we are assured by M. Pander, precisely identical with that 
of Popilani in Courland ; and in the government of Moscow it reposes directly upon the carboniferous 
limestone. The zealous researches of these Russian friends have, in fact, greatly extended our knowledge 
of the limits of the Jurassic deposits, particularly of the overlying sandstones, which 8ee?ta[i to occupy con- 
siderable portions of the plateaux, leaving the carboniferous limestone exposed in the larger river valleys 

# m • 

and gorges only. In a tract north of Medinsk the Jurassit shale is so bituminous, that it might be 
mistaken for a true carboniferous deposit, like certain beds of the same age described by us near Simbirsk 
(p. 245). 

In respect to the region av^und Moscow we may also remark, that M. Pander has detected remains of 
Mammoth and Rhinoceros in reddish clay covered by erratic blocks eight versts to the south of Verchni 
Volotchok, and in one of these localities fractured flints of the carboniferous limestone are seen to alternate 
with bands of reddish clay. Bones of extinct quadrupeds had, indeed, been previously found in the vicinity 
of Moscow, but their true original position was unknown, as they had usually been picked out of the river 
beds into which they had fallen from the contiguous cliffs. The observations of M. Pander are, there- 
fore. most important in convincing us, that such remains occur in an ancient drift ; we may well believe 
that the animals of which these are the bones, were floated out to sea from the nearest lands of a former 
epoch, and their skeletons deposited (like those near Taganrog, p. 502) in gravel, sand and clay. In one 
spot 300 versts south of Petersburg, and twenty versts south of the river Kolomcnka, M. Pander further 
found the horns of a stag in gravel or drift twenty-one feet below the surface, aid covered by fine yellow 
sand, which is surmounted by clay and northern erratic blocks. 

Our last visit has also been productive of some additional acquaintance with the limits of the Silurian 
and Devonian rocks south of St. Petersburg. Thus, whilst the country south of Gatchina, and for some 
versts to the south of that town, is composed of a yellowish magnesian limestqpe, containing Silurian* 
Orthidtt and Trilobites (similar we believe to those species found by us in the strata on the Vloia, p. 30*), 
true Devonian rocks succeed near Sivoritzki at about twelve versts south of Gatchina, in greenish grey, 
micaceous sandstone and marly limestone, followed, at some versts further south, by rad sands ® » 

•tone, identical with those of Dorpat and of the river Mgra near Vitegra. Ichth^oliteB are found, at 

4 Y 



652 * 


POSTSCRIPT. 


intervals, throughout this micaceous sandstone, which forms a striking escarpment in this country of 
broad undulations ^ 

We ha^e next to express our regret, that owing to some accident in its transmission, we did not 
receive a memoir by Major Ozersky which gives a very clear and faithful description of the detailed 
succession of the strata that constitute the Silurian group of north-western Esthonia. After a very good 
account of the physical features of that tract, he describes a number of natural sections to the west of 
Reval, both on the coast and in the interior, as weU as in the Isle of Dago’, and he divides the Silurian 
rocks into three members. The Ungulite sandstone there forms (as, indeed, Eichwald and others have 
observed) the base of the cliffs, which in ascending order consist of inferior grit, bituminous schist and 
greenish sandstone. This lowest member is followed by chloritic limestone, capped by a band of sand- 
stone and surmounted by a considerable thickness of limestone to which the author applies the term 
** Fliessen-kalkstein,” dividing it into lower and upper beds. The third and uppermost division (also 
calcareous) is separate^ by him into a coarse-grained crystalline limestone beneath, and a compact though 
occasionally sandy limestone above, which constitutes the highest stratum he observed. Besides the 
Obolus or Ungulite, the lowest of these divisions contains the coral Gorgonia ftabelliformU (Eichw.), and 
its upper beds Siphonotreta verrucosa (nob.) (Terebratula, Eichw.). The middle group is (as described 
by us near S(. Petersburg^) the great storehouse of organic remains, and in the districts which he illus- 
trates Major Ozersky shows that it is more expanded than in any tract we have personally examined, 
whilst the fossils Sre those which we have enumerated and described. The upper group of this author is 
precisely that band which we hkve described near Shavli, Meshkovitza, Oberpahlen, Ac., and which, as 
we have indicated, gradually disappears with the eastward range of the Siluriad rocks ; for it contains 
our Pentamerus borealis (Ggpidia, Eichw.), and also several corals. 

In expressing our obligations to Major Ozersky for his lucid memoir, in which he developes the litholo- 
gical features of each substratum ^ith a j^recision worthy of so good a mineralogist as himself, we are 
however at variancf with his concluding comparisons, wherein he endeavours to find exact parallels for 
each of his lithological subdivisions in the English detailed order of the Silurian rocks, as seen in certain 
typical British tracts. His upper continental stratum is thus considered him to be the representative 
of the Ludlow rocks ; whereas in our estimate there is not a vestige of tliat formation in any portion of 
the mainland of the Russian Baltic provinces ; though it has a distinct existence with many characteristic 
fossils in the Isle of Oesel as determined by M. Pander (p. 35). The superior portion of the uppermost 
group of Major Ozersky may, indeed, where loaded with such corals as the Catenipora escharoides and Favo- 
sites Gothlandifm, be assimilated to the Wenlock limestone ; but the lowest bed of this calcareous mass, 
which is charged with Pentamerus borealis (closely akin to P, oblongus^, is clearly on the same level as 
the Horderley and Woolhope limestone of England, a point which we have indeed completely explained 
as respects Scandinavia, Russia and North America (pp. 5’*^, 12*, 34*). This Pentamerus bed forms so 

* We made an excursiop to this neighbourhood with M. Worth and Professor Kutorga, who had previously 
observed the chief relations here alluded to. 

’ See the volume of the Imperial Mineralogical Society of St. Petersburg, 1844. 

* At p. 35 we have considered Dago as Upper Silurian, and, in fact, the Wenlock or Dudley corals are there 
abundant in its uppc;^^^’^ stratum ; but this isle contains the Pentamerus borealis and other fossils which pertain to 
^e Lower Silurian strata, ^aone of which are seen in Oesel. 

^ In addition to the proofs we have already adduced of the limestones of St. Petersburg being of Lower Silu- 
rian age, we beg to mention that our friend M. Volborth, who has so assiduously collected the fossils of this rock 
and described some qf its Crinoidea, has detected in it the same Agnosias (Battus) which so distinguishes true Lower 
Silurian rocks at Kinnekulle and other places in Sweden and Norway. 
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dear a horizon in separating the Lower and Upper Silurian rocks over all parts of the globe where they 
eiist, that so long as the original English classification be appealed to, no sort of doubt can be entertained, 
that every layer beneath it must be grouped with the Lower Silurian, as represented in our tab}e attached 
to the Map, H. VL ; and it is therefore quite impossible to admit, that the chief limestones of Esthonia, 
which underlie that Pentamerus rock, can be compared with the Wenlock limestone. But in differing 
from Major Ozersky as to his comparisons of Russian deposits with those English formations with which 
we are necessarily well acquainted, we have specially to thank him for his excellent details of local suc> 
cession, and for pointing out other phsenomena of some importance. One of these is the ipresence of a 
coarse conglomerate of fragments of crystalline rocks (our Azoic) in the Ungulite sandstones, thereby 
proving, that even in Russia the Lower Silurian strata have been constructed out of rocks antecedently 
crystalline, just as we have proved to have been the case in Scandinavia. Aqpther of these phsenomena 
(confirming our anticipations and of great value in sustaining our views derived from other localities, see 
pp. 328, 524, 539) is the existence of raised sea beaches containing remains of species of shells still 
living in the adjacent Baltic ; such as Cardium edule, Mytilus edulis, and Tellina Baltica ; which fact, com- 
bined with the evidences afforded by banks of gravel, sand and blocks, clearly points to a comparatively 
recent elevation of Esthonia, and hence of all the flat regions of Russia. The author further offers proofs 
of the polish and striation of the denuded limestones — appearances referred by him to« the action of 
floating ice. Being for a moment on a subject which we have handled at some length iu the preceding 
pages, we may observe that during our present stay at St. Petersburg we have obserA;d the phsenomena 
on the surface of the yellow Silurian limestone south of Gatchina befoVe alluded to, where it was first 
noticed by M. Worth lind Professor Kutorga. Tt is also worthy of a comment, that in the neighbourhood 
of Gatchina, where the striation and polish are seen, there are no accumulations of fir^e gravel or loose 
drift; huge, northern erratic blocks only occurring abundantly. In such instances, we-'willingly admit 
that the polish and striation may have been produced by the §)nward motion of ice-floes (carryinf^ thes^ 
blocks) which stranded in shallows and grated along the subjacent rocks. Such an action, however, we 
again maintain could never have been adequate to the uniform maceration, smoothing and grinding down 
(in the manner we have described) of all the northern faces of the crystalline rocks of Finland, Sweden, 
and of the myriads of isles of the Bothnian Gulf. 

We have next to acquaint our readers, that the Map, PI. VI., has received considerable improvement 
at its north-eastern extremity from the researches of the distinguished botanist Schrenk, who in the year 
1836, and previous to his arduous tour in South-Eastern Siberia and along the Chinese frontier', gallantly 
faced the most inhospitable of all the Arabian tracts, and traversing the wilds of the Siffnoyedes to the 
Straits of Vaigatz, not only determined the physical geography and natural history of the region forming 
the end of the Arctic Ural, but also brought back collections sufficient to establish geological demarca- 
tions in a country which may not for a century be visited by any other man of science 

Whilst on the subject of new discoveries in the boreal tracts of Russia, we may mention, that the 
enterprising traveller Professor Middendorf of Kief has brought back with hiki from the shores of the 
Arctic Sea (between the rivers Obe and Lena), numerous fossil shells which on inspection we had no 
hesitation in identifying with those Oxfordian types with which we had become familiar in many parts 
of European Russia. Associated with numerous Belemnites and true Ammonites, w^e detected also those 

— — i ^ 

' See last Anniversary Discourse of Mr. Murchison as President of the Royal Geographical Society. Journal 

of the Royal Geographical Society, vol. 15, p. ci. 

* The chief geological data resulting from an examination of M. Schrenk's fossils, will be given in the forthcoming 
work of our friend and coadjutor. Count Kcyserling, on the Timan, Petchora, etc., which, as we have previously ® 
said, forms a natural sequel to these volumes. * 
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chambered BhelU with dentated lobes called Ceratites, one species of which, indeed, not having any of 
these indentations or serratures, might be referred to that division of Ooniatites which are distinguished 
by rounde^ lobes. We thus learn how dangerous it is to generalize upon the age of a rook irom the 
presence of any one fossil body ; for had theae Ceratites been alone or even in predominance, some 
geologists might have associated the Siberian beds with the Muschelkalk, or even with older formations ; 
whereas a multitude of the most common of the Jurassic forms (including numerous Ammonites with 
their nacre) bespeak in the clearest manner the true age of these deposits. 

Lastly, wecire indebted to our friend Colonel Helmersen, for having made known to us a highly im- 
portant and curious discovery of Professor Abich of Dorpat, on the northern flank of the Great Ararat, 
near the monastery of Kor^^erab and in the valley of the Araxes ; where he has detected numerous Pa/«- 
ozoic fossils, among whi^h he cites the Spirifer speciosus, S. ostiolatus^ S, aperturatus, with Orthidee, 
7"erebratul8p, Lingulae, and the characteristic corals Catenipora escharoides, Cyathophyllum flexuosum. Fa- 
vosites, &c. • 

This announcement is the more interesting to geologists, as no researches of other travellers have 
shown the existence of any formations of the palaeozoic age in those eastern regions which form the 
south-eastern extremity of our Map, PI. VI., the greater number of whose solid rocks have been referred 
to the cretacequs period. If, indeed, we might venture to throw out a surmise, we should be inclined 
to think, that the palaeozoic band on the upper Araxes is the eastern continuation of rocks of Silurian 
age which show fhemselves on the southern slopes of the Balkan, and constituting portions of the 
Thracian Bosphorus, may, after*some detailed researches, be found here and there in the intermediate 
s])ace of Pontus, Bithynia and Paphlagonia. * 
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A A river (Livonia), Devonian fishes from the bank of, 52. 
Abbott, Capt. J., his journey from Khivah, 310. 

Abich, Prof^essor, on green-grained limestone, 28*. 

AIm) and Aland, strise on the rocks in the neighbourhood of, 531 . 
Actinolepia tuberctUatw (Ag.), Devonian ichthyolite of Russia 
and Scotland, 33. 

Adacna edentula and A. protracta^ fossils of the Caspian, 306 
et »eq. 

Aerolites, supposed, at TJstiug-veliki, are erratic blocks, 520. 
Afnca, Silurian rocks of, 6* ; Jurassic rocks of, 257. 

Agassiz, Prof., his account of the fossil fishes of the Devonian 
system in Russia, 33, 39*, 65. (See Description of vol. ii.) 

, his notice of the fossil fishes of the Kupfer 

Schiefer, 215. 

, his theory of drift as moved by glaciers, 508. 
Age of the coal in the Donetz field, 122. 

- — rocks of the Ural chain, 464. 

Ai river (South Ural), encrinital limestone on the banks of the, 
432. 

Aikin, Mr. A., his memoir on Cadcr Idris, 392; his explanation 
of the occurrence of copper ore in a turf bog, 169. 
Ainsworth, Mr. W., his descriptions south of the Black Sea, 
647, 656. 

Ak Burun (Crimrea), fossiliferous marine beds found at, 303. 
Akri-tau (S. Ural), grey psammites of the, 460. 

— — , relations of the Carboniferous rocks on the 

flanks of the, 130. 

Alabaster (Permian) and gypsum near Sterlitamak, 150. 

— , — ■ - on the Ik, 156 at Baniukova, 167. 

, on the Pinega and Dwina rivers, 172, 173. 

Ala-tau (South Ural), conglomerates of the, 460. 

Aland and Abo, stri» on the rocks near, 531. 

Alatyr, western limit of the Jurassic basin of Lower Volga, 244. 
Alcyonia^ stems of, found in the sands near Sarutof, 275. 
Alexander, H. I. H. the Grand Duke, his ascent of the Ural peaks. 

(See lithomphic frontispiece of Part I. and pp. 434, 653.) 
Alexandrofsk (coal-field of the Donetz), crystalUne rocks be- 
tween that place and Paulograd, 91. 
y , coal at, 96. 

.... , Zavod of, in the Ural mountains, 389. 

Alexina (Tula), carbonaceous layers with sand and shale, 78. 

— — — — , fossils in the carboniferous limestones of, 79. 

Alina (Ural), Devonian rocks at, 432. 

Alkovaia (Donetz), carboniferous sections north of, 108. 
Alleghany or Appalachian chain, Silurian rocks of, 4*. 

Alluvia. See also Auriferaus alluvia^ and JJetritiu. 

Alluvia (gold), nature of on the Ural mountains, 476. 

■ ... , limits of, 479; of Neviansk, 368. 

, of Cossatchi-datchi, 439, 491. 

, of the environs of Ekaterinburg, 476. 

I , of Chrestovodsvisgensk near Bissersk, 39t\ 480. 

■ ■■ ■- , of Peshanka, 482 ; of Soimanofsk, 487. 

— , of Miask and the Lake Aushkul, 488. 

" , hypothec concerning the origin of, 492. 

Alluvial detritus on the flanks of the Ural, 412, 471 et eeq. 
Alluvium in Russia in Europe, condition of, 501. 

Alterations of level, instances of in Russia on a grand scale, 584. 
Altered rocks, near Lake Onega, 23 ; in the Ural, 357 et eeq. 
Alternation of schists with poiphyries in the Irendyk (South 
Ural), 453. ^ 


Alum-shale of Norway, 12. 

Alum-slate near the F^s of Trollhoetten in Norway, 15. 

America, North, Silurian rocks of, 4*. 

, South, Silurian rocks of, 6. 

Amherst, Lady Sarah, Indian Jurassic fossils collected by, 256. 

Ammonite beds on the Volga, 230 ; on the Oka, 234 ; on the 
Moskwa, 236. • 

Ammonites of the Crimma like those of the Lower Alps near 
Digues, 249. 

Ammonitea biplex^ a fossil common to the English and Russian 
Oolites, 253. 

Bogdoanusf its resemblance to Ceratites, 196. 

cordatua, presence of, in the J urapsic shales at Saka- 

lofskic on the Volga, 246. 

■»— interrupts and triplex ^ two snScies found in India 

and in the Oxford clay of Euglandf 257 

virgatSi a prevailing Jurassic fossil in the Moscow 

basin, 236. 

Analogies between the Silurian rocks of Russia and England, 5, 
36*. 


(Devonian), 42 et aeq., 60, 63,384 ; (Carboniferous), 

113, 122, 125, 135, 363, 386, 440. ^ 

Analogy of the Permian fossils of Russia with those of Western 
£ur<|pc, 213 ; Analysis of, 215, ^ • 

Analysis of the Tchomozem^ or black earth of Russia, 859. 
Andoma, near Vitegra, sections on thof of Devonian and carbo- 
niferous rocks, 48, 74 ; absence of drift on the, 516. 

— — river, ichthyolites near the mouth of, 48. 

Angular blocks, elevated ridges of, near river banks and former 
lakes, explained by brewing up of ice, 566, 568. 

Anbsoff, General, his important services to the Imperial Govern- 
ment at Zlataust and great kindness to the authors, 347, 
427, 488. See also description of lithograph facing p. 437. 
Anthracite, vicinity of, to crystalline rocks, 100. 

, important beds of, at Popofskoe, in the Donetz 

coal-field, 101. 

-, excellence of, in the Donetz doal-field, 102. 


Anthracitic and bituminous coal-fields of the south of Russia, 
division of the carboniferous series into, 100, 

Anticlinal axis in the carboniferous rocks of the Donetz, 103. 

— of carboniferous limestone near Sterlitamak, 131. 

in the valley of the Sakmarka, 148. 

at Tchismas, on the Tchussovaya, 387. 

Antipofka (Lower Volga), terti^ sands and marlstones of, 277. 

■ ^ tertiary be^ of the Eocene period at, 288. 

Antipofka grits, their resemblance to the Bognor rocks, 289. 
Asar or Osar, ridges of drift of Sweden, described, 542. 
Appalachian chain, analogy of the elevation of the Ural with 
that of these mountains, 462. 

Aqueous transjjort of the Scandinavian ^rift, 546. 

Aral sea, ancient limits of Aralo^aspian beyond the, 297. • 

, its relative level compared with thatof the Caspian, 322. 

, west shores of, according to M. Basinier, 325, 652. 

, true level of, not obtained by barometrical obseiva- 

tions, 326. - . • oa>f 

, corrections in the ma() of the, 327. • 

modifications of the author's views concerning its 


ancient extent, 8*. ^ 

Aralo-Caspian region, north-wastem limits of, 325^ 
Aralo-Caspian deposits^ meaning of the term, 284. \ 

. 4 H 
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Aralo-Caspian deposits, condition of western boundary, 304. 

" ■■■ " y conclusions concerning, 328. 

Aralo-Caspian or Steppe limestone, meaning of, 297. 

1 1- , description of, 299. 

— — , conclusions dinwn from the 

monotonous brackish-water nature of its zoological cha- 
racter, 309 ; conclusions modified, 662. 

, general section of, from the 

sea of Azof to that of Aral, 311. 

Area Oreliana, a Devonian shell at Orel and Ottrada, 66, 68. 
Archangel, fundamental rock beneath, probably Devonian, 49. 

, red and green Devonian marls between it and Onega, 

49. 

- , white carboniferous limestones of, 73. 

, Permian rocks in ascending the Dwina from, 172. 

, estuary deposits of the Dwina at, 570. 

Archangclskaya, north-east of Kargupol, fossils and ledges of 
carboniferous limestoneV, 76. 
d’.ircbiac, Vicomte, his memoir on palaeozoic fossils, 2. 

on the formation Cretacee, 261, 262. 

Arctic Ural and Timan Range, general account of, 404 et seg. 

, geological conclusions from the examination of, 418. 

Ardwick, near Manchester, presence of a Permian species of 
fish in upper carlmniferous rocks at, 212. 

Argillaceous schist with auriferous veins near Miask, 435. 

limestone (Ixiwer Silurian) between Isvosk and 

Petropavlosk un the Volkof, 30. 

iron ore m small quantities only, associated with 

the coal at Lissitcnia-Balka (Donetz), 109. 

limestone concretions ( JuAissic) at Vassili-Maidan, 

244. 

and siliceous masses representing the cretaceous 

scries in the government of Kharkof and Kursk, 267. 
Arkose, or Lowest Silurian grit, resting on granitic gneiss in 
Sweden, 16. • 

.\rmeni^, discovery of true Eocene tertiary ^eds in, by M. Du- 
bois de Montpereux, 289. ^ 

Armstrong, Col., map of the neighbourhood of Petrozavodsk, 23, 
Arsagar, saliferous hills * Permian) of, 192. 

, Mount, the opinion of Pallas concerning, 318. 

Arsk near Kazan, section at, showing the marls and tufaceous 
limestone of the Permian system, 161. 

Artemefka, country of the Donetz, carboniferous series at, 99. 
Artesian wells likely to be eflfectual in reaching saline springs, 
183, 197. 

Artinsk, account and age of the carboniferous grits of, 129. 

, grits and limestones of, west of Zlataust, 354. 

, grits of (repeated on the flanks of the Guberlinski hills), 

449. « 

Arzamas, fossils (Permian) found there identical with English 
magnesian limestone species, 165. 

Aaaphus expamus and Ilkmus cratsicauda, characteristic tri- 
lobites of lower Silurian rocks of Scandinavia and Russia, 
12, 16» 29, 37. 

Buehii and A. tyrannua in lower Silurian rocks of 

Norway and Sweden, 12, 15* ; very rare in Russia, 29. 
Asbestos, presence of, in the Q^.berlinski greenstone, 448. 
Asmus, Prof., his account of the Dorpat Devonian fishes, 53. 
Astrakhan, steppe of, a dried brackish-sea-bottom, 316. 

, limestone of the, 196. 

— , salt of, probably from Permian rocks, 196. 

, origin of the springs of, 320. 

Astraa emarciata, Se€ LithoairotUm emarciatwn. 

Aturias, Silurian rocks in thep 4. 

Asuppen (Courland), fossiliferoui Devonian rocks of, 60. 
AuerWh, M., his discovery of fossil plants in the Jurassic grits 
of Klin resembling those found nearer Moscow, 240. 
Augite, abundant crystals of, in the Katchkanar, 392. 
i Augitic porphyry south^of Kizilek, 445. 

Auriferous alluvia, nature of, 476 ; limits of, 479. 

■ not fcihnd in Permian conglomerates, 474. 

y — of Neviansk, 368 ; near fiissersk, 390. 

■ of the Ural, 472 ; near Ekaterinburg, 476, 


Auriferous alluvia of Chrestovodsvisgensk, 480. 

of Peshanka, 482 ; of Soimanofsk, 487. 

of Cossatchi-datchi, 439, 491. 

— , hypothesis concerning the origin of, 492. 

rich zone in the environs of Miask, 434. 

quartzose veins near Miask and Ekaterinburg, 435, 477. 

sand separated from coarse gravel at Peshanka, 482. 

Aurocha (Bos), the former existence of and present habitat, 
603, 638. 

Ausbkul, Lake (South Ural), igneous and auriferous rocks at, 
437, 488. 

, Lake and Mount of (South Ural), lithographic sketch 

of, 437, 654. 

Austen, his memoir on greensand referred to, 260. 

Australia, palmozoic rocks in, 6*. 

Aventurine found near Ekaterinburg, 362 ; Siberian variety of, 
434. 

, vase of, presented to Mr. Murchison by the Em- 
peror of Russia, 434. 

Anicula retrojlexa and A. reticularia^ upper Silurian fossils of 
Oesel and Gothland, 19, 35*. 

, its importance among the Permian Monomyaria, 209. 

, its abundance in the Permian rocks, 21 7. 

‘ Avrachs,’ or ravines, nature of in Russia explained, 570. 
Avziansk zavod (South Ural), precise age of limestones of, not 
determined owing to the absence of fossils, 459. 

Axinua, a characteristic genus of the Permian system, 209. 
Axis, geological, of Russia in Europe, 53. 

, central, of the Ural rocks, 359. 

of the Ural, direction of, 466. 

Azof, sea of, tertiary sections north of, 296. 

, section from this late to the sea of Aral, 311. 

Azoic rocks, meaning of the term, 10*. 

Babka, Sylva, &c., Permian sections near these rivers, 142. 
Bachmuth, north of the coal-field of the Donetz, 89. 

, probability of coal in the ridges south of, 1 18. 

, red rocks (Permian) occupying the vale of, 98. 

, Permian rocks overlying the carboniferous strata 

near, 116, 651. 

, chalk and upper Jurassic rocks north and east of, 98, 

118,249. • 

Baer, M., his observations on isles in the Gulf of Finland, 24*. 

, his discovery of coal in Nova Zemlia, 582. 

and Kbppen, M., observations on the Volga, 578. 

Bagaratz, or Bagariatsk, south-east of Ekaterinburg, carboni- 
ferous limestone at, 364 ; gypsum 26 versts from, 422. 
Bakalski (South Ural), iron ores of, 429. 

Balachna, near Nijny Novogorod, variegated marls with gypsum 
and salt springs at, 179. 

Balkh, country between this district and Khivah, probably 
covered by Aralo-Caspian deposits, 310. 

* Baltas,’ or fissures, seen in various parts of Russia, 571 . 

Baltic provinces of Russia, Silurian rocks of, 25. 

, nature of the drift in, 510. 

Baltisch Port, Esthonia, large size of Ungulites at, 28. 

Barande, M., bis collection of Silurian fossils from the neigh- 
bourhood of Prague, 3*. 

Baratinski (Obschey Syrt), fossiliferous grit (Jurassic) near, 247. 
Barbot de Marni, M., has supplied the authors with many car- 
boniferous fossils (see CossatchiDatchi), 441. 

Banuin-mis cape, north end of Timan range, schists of, 41. 
Barnack rag of Northamptonshire, resemblance of the steppe 
limestones at Novo Tcherkask to, 299. 

Bamiikova, cliffs of (Permian) white gypsum at, 167. 

, Jurassic beds in aitu near, 244. 

Barotzi, Major, his assistance, 366. 

Barton (Hants), fossils found at, identical with older tertiary 
Russian species, 289. 

Basaltic character of the igneous rocks south of Kizilsk, 445. 

rocks of Tchaitzin-mis (Timan range), 415. 

Baaaltrmy a proposed new genus of corals, described^ 619. 

— ■ '■ ■ ineen^artay description of, 621, 
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Baibkir summer camp (South Ural), lithographic sketch of, 
453, 654. 

Bashkirs, their chiefs, summer camps, kumiss, &c., 424, 451 , 453. 
" ■ ' , their horses and method of travelling, 459. 

Basin of the Permian strata in Russia, its vast extent, 136, 220. 

Basins, Jurassic, of the Arctic Ural and Petcliora, 230; of the 
middle Volga, 231 ; of the Oka, 233 ; of Moscow, 235 ; of 
the lower Volga, 243 ; of South Russia, 24H. 

Basins, Jurassic, their comparative size in Russia, 243. 

, their limits in Russia often undefined, 244, 255. 

Basinier, M., his observations on the shores of the Aral, 8*. 

• , observations on fossils collected by him, 325. 

Bayanova, on the Issetz, altered limestones of, 365. 

Bayfield, Capt., his North American palaeozoic fossils, 6. 

, his shelly deposits of the St. Lawrence, 330. 

Beaches, raised, beds described as such sometimes raised sea 

bottoms, 328, 552 et teq. 

Bears, fossil remains of, in European Russia, 506. 

Beaumont, M. Elie de, his geological map of France, 4 ; his 
French equivalent of the Permian system, 203. 

— - - on the nummulitic beds of the Pyrenees, 

284. 

' ' -■ ■ , his reports on the memoirs by M. Bravais 

and M. Durocher, 332, 526. 

■ " ' , his view of the direction of mountain 

chains sustained, 587. 

Beck, Dr., his opinion concerning the shells of the raised sea 
beaches on the Dwina and Yaga, 329. 

Beechey,Capt., his voyage to the Pacific andE8ch8choltzBay,496 

Belaia, or Bielaya (Valdai), valley of, passage of Devonian into 
Carboniferous strata at, 45. 

Belemnites in the Jurassic beds on the rivers Petchora, Volga, 
Oka, Moskwa, Ac., 230, 231, 233, 234, 237, Ac. 

found in the bed of the Piana, 244. 

Belenmitea mucronattiSi common to chalk of England and Rus- 
sia, 273 et aeq. 

ahsolutuny a Russian Jurassic fossil, in India, 257. 

Belemnitic (Jurassic) strata at Tanalysk (South Ural), 406. 

Belgium and Northern France, palaeozoic succession in, 4,4*. 

• , “roches nioutonnees” in, 652, 

Bendzin (Poland), coal 60 feet thicket, 651. 

Beresite, a granitic rock associated with gold, 477. 

Beresoiva-gora, near V. Uralsk (Ural), jaspers of, 454. 

Berezof (Ekaterinburg), auriferous gravel with mammoths' 
bones near the, 4/8. 

Berezovsk (Ekaterinburg), gold mines of, 476. 

Berosovskaya Gora, east of Kongur, good view of the Ural 
ridge obtained from, 355. 

Berwick, coal-field of, analogous to that of the Donetz, 70, 94. 

Berzelius, Baron, assistance given by him to the authors (Pre- 
face, xiv.), 18. 

, his views on the osars and the striation of 

the Swedish rocks, 543, 556. 

Bcschkom, on the Pinega, white alabaster cliffs at, 172. 

Bessarabia, miocene tertiary deposits found in, 283, 293. 

Bcthman, Colonel, assists the authors, 110. 

Bielagorskaya (Bachrauth), rocks overlying those of the car- 
boniferous series at, 114. 

Bielawieza or Bialavieja, in Lithuania, description of the forest 
of, inhabited by the Aurochs or Zubr^ 6()4, 638. 

Bielaya-gliua, south of Saratof, white chalk at, 276. 

Bielaya river (South Ural), Silurian and palaeozoic strata on 
the, 468 et aeq, 

(Timan range), Fusulina limestone on, 415. 

singular subconical hills of carboniferous lime- 
stone on the left bank of (Sterlitamak), 130. 

, Permian strata on the banks of, 160. 

^ — (Timan), eruptive rocks in the upper gorges of, 416. 

Bielef, grotesque concretionary Devonian rocks on the road 
leading to, from Mtyensk, 58. 

Bielobor, on the Issetz, fossiliferous beds at, 363. 

Bielo-Ozero (lake), carboniferous limestone extends to, 74. 

Bielorietz, in the South Ural, Silurian limestone at, 455. 


Bielgorod, true chalk found at, 268. 

Biesada, near Moscow, Jurassic fossils found at, 234. 
Bilitnbayevsk, account of the rocks at and near, 359. 

Billingen (Sweden), relations of the gneiss and Silurian strata 
at the hills of, 15. 

Bilton, Rev. W., his book on Norway referred to, 1 1 *. 

Binney, Mr., and Mr. Brown, their list of fossils of the red marls 
of Manchester, 215. 

Bissersk (North Ural), dolomites in the line of the igneous 
eruption from Sergiefsk to, 385. 

, gold and diamond alluvia near, 390. ' 

Bituminous coal, good, worked at Lissitchia-Balka, on the Do- 
netz, 109. 

Bituminous schist (Silurian), lithological character of, 28*. 

^surmounting the Ungulite grit of 

St. Petersburgh, 27*. o 

altewating with Silurian lime- 
stones at Tolks, 34. 

_ (Carboniferous), in the Valdai Hills, 71. 

, near Vitegra, 74. 

(Jurassic), of Goroditche, on the Volga, 245. 

Black dolomite, west flauk of Ural, 385, 390. 

Black dust near the higher limits of the Kalmiuss, not carboni- 
ferous {tchomozem)^ 96. 

Black earth, or tchomozem^ of Central and Southern Russia, 
its extent, composition and origin, 567 et aeq. 

Black Sea, Miocene teniarics extend to near the shores of, 283. 

, limestones on the northern and western shores of, 

referred to the Aralo-Caspian series, 301. 

, relative level of this sea and the Caspian, 322. 

■ , change of its bottom since Herodotus, 523, 524. 

Blagodat (North Ural), hills and magnetic iron of, 378. 

Blasius, Professor, his cooperation in thejirst survey of the au- 
thors, Preface, and p. 63. 

Blocks and fragments of rock elevated ofi the banks of the 
Russian rivers c^n the breaking up of the frost, 663t> • 

Blocks, erfatic. See also Boulders. 

, absence of far-travelled > examples on the flanks 

of the Ural, 476. 

, absence of, in Siberia, 664. 

, associated with Scandinavian drift in Russia, 507. 

occasionally found of large size far southwards 

in Russia, 623. 

, the larger ones gradually disappearing, being 

used for roads, Ac., 523. 

, uniformity of action of the causes that produced 

them, 624. 

■ ■ ' , angular and local, ridges of, on the banks of a 

Russian lake, 667. * 

Bliide, Major (now Lieut.-Colonel), his notice of Upper Jurassic* 
rocks on the Donetz, 249. 

, his conclusions respecting the geological position 

of the marls of Kursk, 270. 

, his opinion of the age of the gypsum in Podolia, 

296. 

Blue clay (lowest Silurian), its extent in the Baltic provinces of 
Russia, 26. ^ 

, lithological and general character and thick- 
ness of, 26*. 

Boeck, Dr., his enumeration of Norwegian trilobites, 12. 

Bogdo, Mount (Great), doubtful Triassic rocks at, 8. 

, geological age of, probably Triassic, 193. 

, fossil remains of, considered, 194. ^ 

■ , age of the limestWne of, 196. 

, proofs of ancient higher level of the (’aspiaii 

at, 317. 

, Little, its resemblance to the Great Bogdo, 193. 

Bognor rocks (Sussex), resemblance of the Antinofka (Lower 
Volga) older tertiary concretions to them, 289. 

Bogoroslan, a line joining this town., with Tchistopol is the 
western limit to the cupriferous Permian grits, 166. 
Bogoslofsk (North Ural), Silurian limestone on the r^ to, 380. 
, limestones qf, Silurian and Devonian, 3^, 397. 

4 R 2 
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Bogoslofik, account of the rocks in the environs of, 895. 
gold mine near, 482. 

Bohemia, S^pian rocks and fossils of (near Prague), re- 
sembling those of England, 3*. 

— — , fossil contents of the cretaceous system of, 261. 
Bohtlingk, M., his notice of injected greenstone in Finland and 
Lapland, 22*^. 

'■ , his account of modern glado-fluviatile action 

in liapland, 567. 

, his proof of the excentric transport of blocks 

from the ScJiid^avian chain, 528. 

. - and M. SiDestrom, their remarks on the form 

of the mounds of detritus in Scandinavia, 555. 

Bolshaya or Volshaya Gora (Ural Pass), the height of, 360, 
Bone-bed of the Devonian series in the gorge of the Priksha 
(see Corrigenda, Priutchka^ 46. 

Bones of mammoth. See al^ Mammoth, 

' associated with gold, 478. 

. ■ - — - ■ in the goj/l detritus of Peshanka, 482. 

— — with gold alluvia at Soimanofsk, 488. 

— superstitious feelings of the Bashkirs and 

Samoyedes concerning, 491. 

^ — found in Siberia, 494. 

drifted short distances only to their present 

localities in Siberia, 497, 498. 

— found at Taganrog, 502. 

Boring necessary fur determining the value of the carboniferous 
series beneath themed rocks of Bachmuth, 119. 

Borsk (Orenburg), Permian strata near the fort of, 149. 
Borysthenes or Dnieper, account of thh changes at its mouth 
since the time of Herodotus, 573. 

Bou^, M. A., his opinion concerning the age of the Carpathian 
sandstone coincides with that of the authors, 264. 

, his map of Turkey referred to, 656. 

Boulder clay of Defl^ark, 541. 

Bouldei^drift, its Scandinavian and Lappish source of, 556. 
Boulderr. See also Blockst erratic. * 

resemblance of detached local blocks of siliceous grit 

at Moscow to, 239. 

of syenite and quartz (local drift) on the east flank 

of Eraolski-Gora (South Ur^), 430. 

, absence of (northern or erratic), on the flanks of the 

Ural, 527. 

ages of those found in Denmark, 541. 

, found in Guiana, 550. 

Boulonnais, paheozoic series in that district of France, 4. 

— > — , identity of the Devonian of the Don with, 62. 
Boundaries, geological, of central Russia, 20. 

Bowman, Mr., his ilvestigations concerning the upper Silurian 
rocks of North Wales, 2*. 

Brachiopodoue shells, the ^st carboniferous and Permian types, 
135, 207. 

— f number of Permian species which are 

found also in the carboniferous rocks, 216. 

Braheva (near Cargopol), carboniferous limestone at, 76. 

, erratic blocks at, 617. 

Brandt, Professor, on the Cetdrherium Rathkiif 301. 

Braun, Prof. A., of Darmstadt, his account of the shells of the 
Mayence basin, 382. 

Bravais, M., his memoir on the elevation of Norway, 332. 
Breccia, loose argillaceous, auriferous, south of Miask, 488. 

, porphyntic, of Mount Sabliu, 411. 

Breslau (Silesia), palssSzoic rocks near, 3*, 39*, 652. 
Briggetten Kloster (Esthonia^, peculiar mineral character of 
the Ungulite grit at, 28. 

Brine springs (Devonian), at Staraia Russa, 45 ; (Permian), at 
Solikamsk, 145 ; at Totn^ 178; at Balachna, 179. 
Brittany and Norman^, Silurian and Devonian rocks of, 4. 
Brongniart, M. Ad., his remarHi on the fossil plants of the Per- 
mian system, 219. (See vol. ii.) 

Bronnitzi, Jurassic fossils found near, 234. 

BrmUee, a/ossil genua found ivthe Ludlow Rocks in England, 
and n Gotmand, 18*. 


Brora oolites, upheaval of solid granitic rocks through, Swedish 
analogy to, 17*. 

Brora, Sutherlandshire, similarity of Russian contemporaneout 
beds to the oolites of, 248. 

■ , markings on sandstone near, 550. 

Brown, Mr., and Mr. Binney, their list of the fossils of the red 
marls of Manchester, 2l5. 

Brunnow, Baron de, his services to the authors (Preface, vii.). 
Bublia (Kovno), Silurian rocks found near, 34*. 

, erratic blocks from Sweden, found at, 610. 

Buch, Baron Leopold von, his suggestion to Mr. Murchison 
(Preface, vi.). 

' his account of the erupted rocks of 

Norway referred to, 13*. 

, his theory concerning the cause of 

the fractured surface of granite hills, 16*. 

, his account of the Cyslidemt a new 

family of Encrinites {Sptueromtee^ &c.), 38. 

, his opinion of the age of the Bogdo 

limestones, 196. 

, his view of the Jurassic rocks and 

fossils of eastern Russia confirmed, 247. 
, his application of the term * Medi- 
terranean type * to the secondary rocks of the south of 
Europe, 249. 

■ — ■ — , his opinion concerning the age of 

the Carpathian sandstone adopted, 264. 

, his account of the tertiary fossils 

from Butschak, near Kief, on the Dnieper, 286. 

, his determination of Silurian and 

carboniferous rocks in the by fossils, 338. 

Buckland, Dr., the want of such an explorer of caverns in 
Russia, 506. 

, his views of glacial action in Britain, 650. 

Bucklandite, crystals of, in granite, at Yerkhoturie, 395. 
Budevich (near Bielef), Devonian fossils found at, 58. 
Bugulma, copper grits and sandstones beneath the white and 
yellow limestones of this place containing fossils of the 
Permian scries, 156. 

Building stone, excellent, in the carboniferous sandstone of 
Goradofka (Donetz). 97. 

■' , the steppclimestone useful for this purpose, 299. 

Bulanka valley (west of Zlataust), mineral structure of, 429. 
Bulgar, basin of, the Northern Aralo-Caspian tract so (^ed by 
M. JasikofT, 325. 

Bunter sandstein, exact definition of, 200. 

Burmeister, M., his work on Trilobites referred to, 4. 

Busuluk river, Pallas's account of the chalk of, 272. 

Butera, the late Prince of, his assistance, 389. 

Butschak, eocene tertiary beds on the Dnieper at, 283. 

, list of tertiary fossils of, collected by M. Dubois and 

named by M. von Buch, 286. 

Calamitbb and other plants of the coal of Russia, 112 ; of the 
siliceous (Jurassic) grits of Moscow, 240. 

Calamites yigae, a Russian Permian species, 160. 

Valamopora fibroeoy Eichwald. See Cfuetetes Petropolitanus. 

* Calcaires muets,' limestones, at first so called, on the river 

Suchona, 178; now proved to be fossiliferous. See Table, 
222 and 651. 

Calcareous beds. See also lAmeetonet. 

• (Silurian) of the St. Petersburgh Hills, 28, 30. 

— ■ of Russia overlying the * pleta’ lime- 
stone, 34*. 

■ (Devonian), general character and appearance 

of those of Ottrada, 57. 

— — of Voroneje, fossiliferous, 60. 

' ■ ■■ ■ ' , notice of a grit overiying the 

lower carboniferous rocks of Michaelofsk, 128. 
—————— (tufaceous), reposing on carboniferous strata 

at Putshino on the Oka, 82. 

' associated with Permian beds on the banks 
of the Dioma, 151. 
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Calcareoul beds (Permian), two zones of, in Russia, 149. 

■ , grits and sandstones with Produce 

tu8 at Metaftamak (Bielebei), 158. 

^Jurassic), rarity of, in Russia, 244. 

Calcareous grit and coral rag of Oxford, identical with the white 
limestone of Cracow and the Donetz, 253. 

Cambrian system, meaning of this term when formerly em- 
ployed by Prof. Sedgwick and Mr. Murchison, 2. 

, contemporaneity of the rocks formerly so 

called with the lower Silurian, 2. 

Canal of Marinsk connecting the drainage of the government 
of Vologda with that of St. Petersburgh, 49. 

Cancrine, Count de, his great encouragement of the authors 
(Preface, viii. xii.). 

■ ■ ' ■ , Productui Cancrhu (Permian), named after 

him, 148 et seg. 

Caninia (SiphonophglUa), description of the genus, 615. 

ibicina ? descriM and compared with Turbinolia ibi» 

dna, 617. 

Caradoc sandstone, rocks resembling this formation in the 
Kraka hills (South Ural), 457. 

Carbonaceous matter, where developed in the paleeozoic rocks 
of Russia, 69. 

strata of the southern tracts of Russia, general 

relations of, 117. 

grits of Akri-tau, 460. 

Carboniferous basin of Russia, central, 77. 

• ■ < of Moscow, limits of the limestone of, 73. 

Carboniferous limestone of Russia, lower, middle and upper di- 
visions of, 70 to 123. 

■ ■ iP- , nature of the vegetation on 

its surface, 76. 

^ account of the lower mem- 
bers on the flanks of the Urid, 125. 

, on the banks of the Ufa, 129. 

", outliers near Sterlitamak, 

130, 150. 

' ,it8 junction with Permian 

strata, 132, 146, 150, 159, 174. 

, the absence of its fragments 

in certain red (Permian) conglomerates, 177. 

' .... - - -. f on the Uuja, and near Je- 

latma, on the Oka, 234. 

' dolomitic, near Saksomsk 


(west flank of Ural), 353. 

., with millstone-grit in the 

Ural mountains and Timan range, 389, 414. 

■ I "- - in the Ural mountains. See 


Carboniferous rocks. * 

—, ridges of this rock form both 

flanks of the Ural chain, 350 to 468. 

-, fragments of this rock make 


excellent drift-marks, 522. 

Carboniferous system, characteristic fossils of, in North 
America, 5*. 

- of Russia, 69 et seg. 

, lower members of, in the 

Valdai HiUs, 70. 

. ■ , relation of the bottom beds 

to the Berwick coal-field of England, 70. 

~, magnesian limestone of, in 


belonging to, 73. 


the Valdai HiUs, Moscow, Kolomna, &c., 72, 81, 83, 84. 

white limestone of Archangel, 

great central basin of, 77. 
lower limestone of, at Tula 

-, white (central) limestone of, 

upper division of limestone, 

>, region between the Dnieper 


and Kaluga, 79. 


at Moscow, 80. 


containing F^uuUnee, 85. 


and the Don (Donetz), containing good coal, 89. 


Carboniferous system of Russia, red conglomerate at the base 
of, on the Donetz, 93, 94. 

' " ■ ' ' » analogy of the lower part of 

the series on the Donetz with the Aglish north of 
England and Scottish series, 95. 

' , relation of the anthracitic to 

the bituminous coal in, 100. 

■ ' ' ' ■ , sections on and near the 

Donetz, 102, 104. 


■■ ■ " " ' ■ ' ' , coal mines of Jcleznoe or 

Nikitofka, 105 ; of Uspensk, 107. • 

' — ■ ' , coal works of Lissitchia-Bal- 

ka (chief works of the Donetz), 109. 

- ' ' ■' , tabular view referred to, exhi- 

biting the difference between the carboniferous masses in 
Northern and Southejpi Russia, 113. 

^ , outliers of, near Petrofskaya, 

north of Bachmuth, 115. 

general relations of the 

southern portion of, and its probable extension (with coal) 
beneath the chalk, 117, 118. 

- ■ , M. Demidoff’s work on the 

southern coal-field, 120. See Le Play. 

• — , remarks on the fauna, 132. 

Carboniferous rocks on the western flank of the Ural chain, 
124 et seg.t 354 et seg. • 

- ■ ■ " ■ , sections of, onsthe Tchussovaya, 125, 

386 et seg. ^ 

Goniatite grits of, at Artinsk, 127. 

• — , in the South Ural, 130, 430, 439, 445, 

451, 460. 


— , as exhibited in a general section on 

the west flank of the Ural mountains, 354. 

, seen on the Issetz river in Siberia, 363. 

- — , at Kamensk, #65. 

* -,whitelime8toneintheTimg|^rangc,414. 

^ -, at Cossatchi-Datchi on ^lie eastern 


flank of the South Ural, 439. ^ 

— on the west flank of Akri-tau (South 

— , disturbances affecting them in tlie 


Ural), 460. 


Ural, 468. 

CardiutHf brarkish species only among the Caspian shells, 307. 

Carelian country, erratic blocks of, 513. 

Cargopol, the flat tracts around, exhibit white carboniferous 
limestone, 75. 

Carpathian mountains, Jurassic and cretaceous rocks of, 264; 
age of granite of, 656. 

Carpathian sandstone, M. Zeuschneris opinion of the age of this 
rock at variance with that of the authors, 264. 

, cretaceous age of the, 264. 

Caryophyllia, points in which this genus differs from IJlhoden- 
droHy 598. 

Caspian deposits, general view of the, 323. 

Caspian sea, former wide extent of, 8* 297, 317. 

, pliocene age of the shelly limestone on the west- 
ern shores of, 805. \ 

, shells of and fossils, found on the banks of, 306. 

, saltness of, 308. 

, absence of the requisite information on which to 

found exact comparisons of its Mollusca, 308. 

-, the calculated amount of its depression below the 


Black Sea, 322. 

, bitter taste of the water of, 323. 

, ancient northern extension of, 324. 

• and Sea of Aral, formerly joined, 325. 


See Aralo- 


Caspian. 


rapidly filling up, 573. 


Castelnau, M. de, his MemoiPon the geology of North Americaf6. 
Casts of Brachiopoda, more abun^nt than the shells in mag- 
nesian limestones of different age, 73. 

Catenipora labyrinthica^ Goldf. {Holy sites labyTijnthica of Fis- 
cher), description of, 593. \ 
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vaucuus, Jurassic rocks of, contemporaueous with the ‘ Terrain 
Oxfordien,’ 249 ; cretaceous r^s of, 280. (See Duhois). 

, msible effects of the upheavid of that cliain, 688. 

, Aralc^aspian strata extend to, 298. 

, range of the steppe limestone believed to extend as 

far as, 305. 

, low steppe of the, 319. 

Caverns in the carboniferous limestone on the banks of the 
Tchussovaya, 126. 

in cliffs of white gypsum (Permian) on the Ik, at Bamh- 

kova, and on % Pinega, 166, 167, 173. 

in carboniferous limestone of the Tchussovaya, 888. 

Celo Nikilofskaya, quarries of Moscow millstones at, 239. 
Cephalopoda^ rarity of, in the Russian carboniferous series, 134. 

species of, characteristic of the Permian period, 

210 . ^ 

Cerithium giganteum, supposed to be found in the eocene ter- 
tiarj’ beds near Kief, 285. * 

Cetotherium Jiaihkiiy a new herbivorous Cetacean from the beds 
of the steppe limestone at 1*aman, 301. 

Chmtetest the character of this genus of corals, 593. 

dilatatua^ Fischer, description of, 596. 

Petrapolitanu8f its abundance in Russian lower Silu- 
rian rocks, 38*. 

, description of the species, 596. 

, radians, Fischer, a coral of the lower carboniferous 

limestone, found v\ the Valdai Hills, 71, 73, 74. 

, description of the species, 695. 

, this fossil found at Krasnoi-Kut (Donetz),101. 

Chalcedony in the eruptive rocks of Tchaitain-mi8(Timan),415. 
Chalk filling up, unconformably, small basins of carbonfferous 
rock, 108. 

, coal-seams pass under, and may be worked beneath it 

on the left bank of the Donetz, 118. 

, needles of, at S^tagora on the Donetz, resting on Ju- 
rassic (peks, 250. t 

, true, white, reappears in many parts of Russia, 2^, 265 

el seq. 

in the country of the Don Cossacks, 265 ; at Bielgorod, 268. 

, range of, in the south-east of Russia, 272. 

found on the banks of the Ural river, 272. 

— , thickness of, in some parts of the south of Russia, 279. 

of Russia resembles that of England, 583. 

Changes effected by the recent elevation of land near the shores 
of the Black Sea, 575. 

Chelonichthgs Asmueii (Ag.) {Asterolepin of Eichwald), a gi- 
gantic fossil fish from the Devonian rocks of Dbrpat, 40, 53. 

, occurrence of this fish in Scotland, 63. 

Chemical analysis of thr, Russian coal referred to in the work 
of M. Demidoff, 121. 

of the tchornozem or black earth, 559, 660. 

Chert and flint associated with Permian grits and shales, 153. 
Cherty matter in the lower carboniferous rocks of Russia, 72, 73. 
Chlorite schist in the axis of the Ural near the Katchkanar, 391. 
Chloritic quartz of Balvano-is (Arctic Ural), 407. 

Chloritic and talcose schists in the axis of the Ural, 360. 
Choanites, a fossil zoophyte of thf, chalk found in the Kiescl- 
thon of Kursk, 269. 

Chmetes, the importance of this fossil in the palaeozoic rocks, 
207. {Leptana lata, etc, ?). 

Chrestovodsvisgensk, gold mines of, 390, 480. 

Christiania, gneiss near, 11*. 

, section (pala;ol.oic) across the territory of, 13. 

— a , metamorphosed Silurian rocks near, 14*. 

Christof (Volga), red marls surrounding white limestone at, 179. 
Crystidline rock (Azoic) abundant in Scandinavia, 10*. 

CivTut acutuM found between Bielef and Lichvin in Devonian 
strata, 68. 

Ck docora, points in which Ihis genus differs from Lithodendron, 
698. 

Cladocora ? sarmentoea, Loifisdale, description of Russian speci- 
mens, 60R, « 

Clay, blue (SjlTirian), of St. Petersburgh, 26*. 


Clay-slate in the Bulanka valley west of Zlataust, 429. 
Clay-stone, white, surmounting the chalk, 266, 269. 

and sands near Saratof, 274. 

and marl (cretaceous) at Kharkof, Kursk, and near 

Kamischine, on the Volga, 267, 269, 276. 

Cleavage imperfect in the metamorphic rocks of Listvanaya- 
gora, in the South Ural, 435. 

, slaty, of the rocks near Perevosnia, in the South 

Ural, 458. 

Climate, singular effects of, in Russia, 571. 

and soil of the dislocated carboniferouB strata near the 

Donetz, 102. 

** Clinkers,’’ resemblance to this English rock of some Jurassic 
beds in the Moscow basin, 236. 

Cliutziski (Bielebei), beds of white (Permian) limestone at, 162. 
Clyde beds, comparison of raised beaches of the Dwina and 
Vaga with, 329. 

Coal, its low position in the Russian carboniferous rocks, 71. 

, poor seams of, on the Msta, 71. 

, tliin seams of, near Lichvin, 77. 

of Russia, not formed out of terrestrial vegetation “ en 

masse,” 79, 113. 

associated with carboniferous limestone on the Donetz, 95. 

crops out at Gruskaya, Alexandrofsk, &c. (Donetz), 96. 

, relation of anthracitic and bituminous kinds in Russia, 100. 

of intermediate quality worked at Krasnoi Kut (Donetz), 

101 . 

, anthracitic, of Popofskoe (Donetz), 101 . 

, superiority of the anthracitic kinds, 102. 

, convulsions and disturbances that have affected the strata 

on and near the Donetz, 103. , 

, grits associated with it containing Stigmaria, 103. 

worked at Jeleznoe or Nikitofka, and at Uspensk, 105, 107. 

^ at Lissitchia-Balka, 109. 

, shaft section of, at works of Lissitchia-Balka, 111. 

, seams of, worked at Petrofskaya, 1 16. 

, absence of, in the drainage of the Dnieper, 117. 

, productive seams of, probably occurring beneath the 

chalk east of Uspensk and Lissitchia-Balka, 118. 

, value and importance of, in the southern districts of 

Russia, 1 18, 119. ^ 

, work of M. le Play on the lieds of this formation in 

Southern Russia, 120. 

on the banks of the Tchussovaya on the western flanks of 

the Ural, 126. 

, thin seams of, associated with Permian grits and shales 

on the Kidash (Bielebei), 154. 

, origin of, probably explained by the estuary phsenoniena 

of Russia, 570. 

Coal-fields of Poland and Silesia assume the type of those of 
Western Europe, 661. 

Coast of the Caspian, indications of an ancient one in different 
places, 317 et seq, 

Coccoetem and allied fishes not found in Russia, 67. 

Colour (dullliglit grey) of the Russian Silurian rocks contrasted 
with the red of the Devonian, 26*. 

Coloured Sections, Plates I. to V., description of, passim, and 655. 
Columnariaflorifbrmis. See LithostrotUmJUi^orme, 

sulcata, description of Russian specimens, 601. 

Conclusions (general), 1-9*, 19, 38*, 68, 117, 136, 220, 263, 
280, m, 402, 418, 461, 505, 554, 579. 

Concretions of argillaceous iron ore associated with the coal at 
Lissitchia-Balka, 109. 

of the Permian period near Orenburg, 147. 

of white limestone at Christof on the Volga, 179. 

" — of sandy Jurassic marlstone at Korosbovo, 236. 

of impure argillaceous limestone in the rocks of 

the Jurassic period at Vassili-Maidan, 244. 

observed by Pallas on the Sarpa, 317. 

Conformable junction of lower Silurian and Devonian, 32 *,89*; 
of Devonian and carboniferous, 46, 48, 71, 74. 

between the carboniferous and Permian 

rocks, 146. 
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Conformable junction of the liliceous Jurassic grits of Tata> 
rova near Moscow with the Oxfordian sh^es, 239. 

— of Permian and carboniferous rocks in the 

Ural, 469. 

of Permian limestbne and recent sea 

bottoms, 331. 

Conglomerate, forming a passage bed between the Devonian and 
carboniferous series, 94. 

^Devonian) on the western slope of Akri<tau, 460. 

* (carboniferous) at the mouth of the Usva, 127. 

— "" of the millstone grit period between Bissersl^ya 

and Klinova (west 6ank of the Ural), 128. 

, red, of the Permian series, 145. 

of the Permian period derived from the old rocks 

of the Ural, 146. 

— » coarse (Permian), with fossil wood and copper, 

in the neighbourhood of Troitsk, 155. 

(Permian) fonued by the degradation of the 

older mountains cover the country between Okansk and 
Malmish, 160. 

— , Jurassic, resting on Permian beds, 248. 

; with augite on the eastern flank of the Ural, 438. 

Comfertpi fossil remains of, in the siliceous grits of Moscow, 
&c., 240. 

Conrad, Mr., his account of American Silurian Mollusca, 4*. 
Consolidation of the rocks, has not been effected in most parts 
of Russia, passim and 584. 

Continent, ancient, to the east of the Ural mountains, 474. 
Contorted state of the carboniferous strata in the valley of the 
Alkovaya (Donetz), 107. 

Contortions and flexures of the sandstone in the carboniferous 
system of the Donetz, ^3. 

— — of the carboniferous strata between the Kalmiuss 

and the Krinka, 99. 

of the carboniferous and Devonian rocks on the 

banks of the Issetz and Tchussovaya, 125, 363, 385 et seq. 
Copper grits near Perm, 144. 

Copper grits and sandstones between the Ik and Bugulma, 156. 
Copper, green carbonate of, worked as an ore in the copper 
grits of the Permian system, 144. 

mines of Nijny Tagilsk, North Ural, and great malachite 

of, 372. • 

of Turyinsk, North Ural, 308. 

Copper ore, its importance in the Permian system, 138. 
, its intimate association with fossil vegetable re- 
mains (Permian), 154. 

(Permian), its derivation, western limits and great 

extent, 156, 168 et seq. 

occupies a region west of the Ural mountains, 142 

et seq. 

, formed recently in a peat-bog in North Wales, 

169. 

, its presence in stratified deposits explained, 169. 

— of the Permian rocks, epoch when formed, 473. 

Cupper sands and marls, origin and limits of, 168. 

Coral rag, Jevitze (Poland) and sandstones of the age of, 242. 

, its English fossils compared with those of the upper 

Jurassic limestones of Russia and Cracow in Poland, 253. 

, identity of the Jurassic limestones of the Donetz 

with, 253. 

Corals, paleeoEoic, of Russia, described by Mr. Lonsdale, 591. 

of the lower Silurian rocks of Russia, 38*. 

of the Russian Devonian rocks, 64. 

of the Russian carboniferous series, 135. 

of the Russian Permian system, their peculiar character 
and diflference from the corals of other periods, 206, 216. 

^ tabular list of, 221. 

of the Russian Jurassic series in the coral rag, 253. 

Cornish granite, its resemblance to that of Fredericksvam, 14*. 
Cornstone, Permian rock resembling, between Sterlitamak and 
Bielebei, 151. 

Comw^l, discovery of some Silurian fossils in, 7. 

, analogy of part of Norway to, 14*. 


CossatchUdatchi, on the east flank of the Ural, carboniferous 
limestone of, 488. 

^ auriferous detritus of, 491. 

Cotta, M., bis table of succession, 201. ^ 

Courland, Devonian rocks in, 50* 

and Livonia, lithological character of Devonian rocks 

of, 52. 

Crag and tail” of Scotch drift, 549. 

Crag of Suflblk, resemblance of the steppe limestone to, 29il. 

Cracow, the rocks on which that city is built are of the age of 
the coral rag and calcareous grit of Qgford, 264. 

, Scandinavian erratic blocks near, 525. 

Crasnoi-glasnova, east of Ekaterinburg, dome of crystalline 
Silurian limestone at, 364. 

, tchornozem or black earth of, 422. 

Crest of the Ural mountains or Ural-tau, 343, 360, 369, 381, 
391, 398, 400, 434, 438, 455. 

Cretaceous system of Eastern Tticrmany compared with that of 
England and France, 261.^ 

of Poland and the Carpathians described, 263. 

, collection of fossils from, in the 

Royal Museum of Warsaw, 26;i. 

of Russia, its range and general aspect, 8*, 

259 et seq. 

j the pleta or orthoceratite lime- 
stone of St. Petersbnrgh erroneously* referred to in conse- 
quence of mineral resemblance, 28. • 

, chalk df the country of the Do- 
netz, 265. 

_i represented by argillaceous and 

siliceous masses in the governments of Kharkof and Kursk, 
267. 


on the Don, 270. 

, the probable extension of in 

Russia, northwards from the Don, if 1. 

^ ^ on the banks of the^ver Ural, 

212 . 

, on thc^Volga below Simbirsk, 272. 

, views of M. Jasikoff respecting 

the geological succession near Simbirsk, 273. 

, relations of, to the tertiary strata 

exhibited, 277. 


, comparison of, with the creta- 
ceous rocks of other countries, 279. 

Crimma, reappearance of lower Jurassic rocks of Russia in the, 
248. 


, cretaceous and Neocomian, or lower greensand rocks 

of, 289. 

, older tertiaries of, 284. • 

, its eastern tract of the Aralo-Caspian period, 298. 

, upper shelly strata of the, referred to the Aralo-Caspian 

series, 301. 

Crinoidea of the lower Silurian strata of Russia, 38. 

» Fcal rarity of, in the Permian strata, only one spe- 
cies being known, 206. 

Crystalline rocks of Scandinavia, their vast extent, 10*. 
of Norway farming the flanks of troughs con- 
taining palaeozoic strata, 11*. 

^ their relation to the Silurian rocks in Sweden, 

15. 

of Finland, Lapland and Northern Russia, 22. 

of the southern steppes of Russia, their ex- 
tent, 90. * 

stratified on the banks of the Voltchia Jinl 

Kalmiuss, 91. 

— — in the axis of the Ural, 359. 

of the eastern flank of the Ural south of Eka- 
terinburg, 421. 

of the Urenga, 428. • 

of the Kirghis frontier, MM. Hoffhiann and 

Helmcrsen’s work on this subjedt referred to, 445. 

of the Gubeilinski hills, 448. ^ 

of the Irendvk ridge, 453. \ 
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Crystalline rocks containing palaeozoic fossils in the Ural moun- 
tains, 426, 434, 457, &c. 

, of the Ural, formed during the paleozoic pe- 
riod, 464. • 

Ctenodui KeyterUngH and C, fflirthiit species of fossil fish found 
in the old red sandstone of Russia, 63. 

Cumbrian region of Britain, the equivalent of the crystalline 
axis of the Ural, 466. 

Cupriferous region between Perm and Kazan, of the Permian 
series, 160. 

■ beds of Hxe Permian series, origin and boimdary of, 

168. 

Cutch, oolitic fossils of, referred to, 257. 

Cuvier's conclusion with regard to the entombment of the an- 
cient mammoths in ice, 496. 

CyathophyUum flor\forme^ Phillip|. See Lithoitrotum florid 
forme, 

TrypUuma aqudbUis^ description of, 613. 

— — turbimtum, Goldfoss, description of Russian spe- 

cimens, 612. 

Cyrtoceratf the only Cephalopod found in the Permian strata of 
Russia, 210. 

Cystidea^ a new family of crinoidal animals described by Von 
Buch, 29* 38. 

CystiphyUum impunctum, description of, 615. 

CytheriMBj or similar small shells found in the variegated 
marls at Viasnikifon the Klia8ma,182. 

Czarskoe-celo, section fro|n St. Petersburgh to the bills of, 27. 

— - — , description of fossils found near, by H. I. H. the 

Duke of Leuchtenberg, 29. «• 

Daghestan, Aralo-Caspian strata extend to, 298. 

Dago, isle of, true up|>er Silurian strata at, 35. 

— , fossils found there by M. Eichwald, 35. 

Dalman, M., his accotbd of Amphm expantue^ 37» 

Danilof, Tagilsk, his services, 361h 

Darwin, C., his discovery of lower Silurian rockzcin the 
Falkland isles, 6 ; on glacial action, 529. 

Davidoff, M., his beautiful estates on the Volga, 87, 159. 
Dcchen, M. H. von, his geological map of Germany, 656. 

De la Beche, Sir U. T., his investigations in paheozoic geo- 
logy, 3. 

Deltas of the Russian rivers, their rapid increase accounted for, 6 72. 
Demidoff, M. Anatole, his great work on southern Russia re- 
ferred to, 120, 503. 

, his munificent encouragement of science, 

at Nigny TagUsk, 375. 

Dendrodugy Devonian genus of ichthyolite in Russia, 33, 40, 53 ; 

D, Murchmni (Gkven), 40, 636. 

Dendrophylliat points in wWh this genus differs from lAtho- 
dendrofit 598. 

Denislotskaya (Archangel), limestone and fossils at, 76. 
Denmark, transported blocks, 527 ; drift of, 540. 

Deriklc (South Ural), Favosites polymorpha found at, 460. 
Derrynane (Ireland), striated rocks in the bay and hills of, 549. 
Deshayes, M., on Polish miocene shells, 292 ; on fossil shells of 
the Crimea, 301. / 

Desna river, Scandinavian blocks reach to the, 525. 

Detrital phsenomena, not all due to the same cause, 537. 
Detritus. See also Blocks^ Erratic J)r\ft, &c. 

'■ — of Russia, its relation to the underlying rocks, 25*. 

" ' - — , Poland and Prussia, northern source of, 509. 

— , northern, exteift of, in Russia, 507. 

— — , superficial xxnrering of^at Jelatma on the Oka, 233. 

■ --■■■■■ covering Jurassic roclu on the river Vitlanka, 247. 

- , absence of coarse, in the Ural, 359. 

, auriferous and mammiferous, hypothesis concerning 

its origin, 492. ^ 

^ , local nature of gold allifvia, 475, 477. 

'■■■ " formed upon shelving grounds, 525, 

Devitza, near Voroneje, Devonian strata at, 60. 

** Devonian, 'Jause of the term supported, 68. 

Devonian s/lem, its establishment in Roland, 1*. 


Devonian system, its identity with the old red sandstone, 1*. 

, great prevalence of, in Germany, 3*. 

, rocks of this period in France, 4. 

, exhibited in Spain, 4*. 

- ■■ '■ - North and South America, 5*, 6. 

Australia, 6*; Russia, 7. 

, Devonian rocks overlying Silurian on the 

Siass, 30. 

, rocks of, near St. Petersburgh, 32*. 

of Russia, 41 et teg, 

^ northern zone, 41. 

' ' ■ , lower beds at and to the north of 

Tchudova (St. Petersburg), 42. 
, lower beds on the Volkof, 43. 

— , central beds, their usual mineral 

character, 44. 

' ■- upper beds of, on the rivers Msta 

and Belaia, 45. 

, range of, to the north-east, 46. 

— , extension of, to Onega and Arch- 

angel, near the 'White Sea, 49. 

— in Courland and in Livonia, 50. 

between Riga and Dorpat, 52. 

— , central region of, or geological 

axis of Russia, 53. 

'■ on the Oka and the Don, 56, 60. 

, the organic remains of, 62. 

' ' ' , union of old red sandstone fishes 

and Devonian shells in, 64. 

, ichthyolites from, 39, 39*, 40, 66. 

— " , dissimilar lithological structure of, 

in different tracts, 68. * 

, junction of, with carboniferous 

rocks at Kinofsk, on the Tebussovaya, 125. 

— on the western flanks of the Ural 

near Nijni-Serginsk, 128. 

• — , only one or two fossils of, detected 

among carboniferous types, 132. 

, fine sections of, on the river Issetz, 

363 ei $eg, 

■ ', occurrence of, at Neviansk, &c. 

(Ural), 368. ♦ 

^ its relation to the underlying Silu- 
rian grauwacke on the Screbrianka, 384. 

■ — — ' — , limestones of, on the Tchussovaya, 

385 et seg. 

— - exhibited near Bogoslofsk in the 

North Ural, 397, 405. 

— ■ , the copper vein of Turjinsk in 

rocks of the age of, 400. 

, importance of, in the Timan range, 

414. 

possibly present on the east flank 

of the South Ural, 423. 

exhibited on the western flank of 

the South Ural at Yakina and Eraol, 430. 

on the banks of the Riga in the 

South Ural, 432. 

possibly exhibited in the Irendyk 

ridge, 454. 

... — — disturbed in parallel lines with the 

Silurian and carboniferous rocks in the Ural, 468. 
Devonshire, Siberian beds resembling the culms of, 363. 
Diallage in the serpentine of Listvanaya-gora, in the South 
Ural, 435. 

Diamond alluvia near Bissersk, in the North Ural, 390. 
Diamonds found with gold detritus at Chrestovodsvisgensk, 480. 

found in various parts of the Ural, 481. 

, matrix of, found in the Ural, 481. 

Piflference in composition between the same carboniferous 
masses in the northern and southern regions of Russia, 113. 
Difficulties of traversing the Ural mountains, 358. 

Diluvium. See Blockst Erratics^ Dr\fty Detritus, &c. 
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Diminution, gradual, of northern erratic blocks, as they recede 
from their original source, 623. 

Diminution at the volume at water in the Russian rivers, 
578, 579. 

Dimitrova (north of Bachmuth), coal seams at, 1 16. 

Dimyaria, number of species of this group, in the Permian 
system, 209. 

Dioma, calcareous rocks (Permian) on the banks of the, 151. 
Diorite of the Ural mountains. See Oreerutone. 

of the cape of Barmin-mis (Timan), 413. 

Dip, slight, of the lower Silurian rocks of St. Petersburgh, 26*. 

— of the Devonian beds near Bielef, 58. 

— of the Inoceramus (Avicula) sandstone, 245. 

Diphyphyllum, a proposed new ^nus of corals, described, 622. 

— — conctnnum, described, 624. 

Diplopierus and Glyptoatew, scales of these genera of Devo- 
nian fishes found north of Tchudova, 43. 

Direction of the northern drift, constant over wide tracts, 522. 

opposite to that of the existing 

river courses, 625. See arrows on Map, Plate VI. 

of the Scandinavian drift excentric, 627, 628. 

, undeviating, of each trainh of the northern drift, 665. 

of the principal lines of elevation in the Ural and 

other northern mountains of Europe, 687. 

Dislocations, transverse, along the north palaeozoic frontier, 23*. 

■ — ' ■ " of carboniferous strata in the gorges and valleys of 
the Valdai Hills, 73. 

near the Donetz, 102 ; in the Ural mountains, 357 

to 470. 

affecting the Permian rocks on the Kidash, 166. 

of the Permian series near Salaouch, cast of Kazan, 

161. • 

— , absence of, in great part of Russia, 684. 

Dislocated condition of the coal strata of the Donetz and Pe- 

trofskaya, 116, 119. 

Dislocation, line of, throwing up Permian limestone, 183. 

, marked by a bend of the Bielaya, 431. 

Disseminated copper in the Permian strata, explanation of, 1 70. 

— gold through various rocks, recency of, 483. 

Disturbances, transverse, lines of, near Lake Onega, 24. 
of the lower Silurian strata of the Pulkovka 

brook, 31. i 

, absence of any violent ones affecting the Russian 

carboniferous series, 133. 

of the carboniferous strata near the eruptive rocks 

of Tchaitzin-mis, 416. 

, general direction of the lines of, in Russia and 
the Ural mountains, 687. 

Divitinskaya (Vitegra), superposition of the carboniferous beds 
on the old red strata at, 49. 

Djabyk Karagai, and Kara-Edir-tau, a low granitic chain parallel 
to the Ural, 444. 

Djelebeck (Norway), granite covered by metamorphosed Si- 
lurian limestone at, 14. 

Dnieper and Don, carboniferous region of the Donetz betw^een,89. 
Dnieper, absence of cod in the drainage of, 117. 

, extension of eocene tertiary beds to, 283. 

, changes of land at the mouth of that river, 573. 

Dobson, Mr., the first person who 8ug:gested the idea of striae 
having been effected by stones in icebergs, 534. 

Dolgelly in North Wales, copper ore found in peat bog, 169. 
Dolomite in lower carboniferous rocks of Valdai Hills, 72, 73. 

- overlying the white limestone of Moscow, 81. 

(tufaceous) of the Permian system near Perm, 143. 

(black) in the Ural mountains, 376, 386, 390. 

(saccharoid) near Ust-Serebriansk, 386. 

and greenstones in contact at Satkinsk, 429. 

Dolomitic limestones on the banks of the Tchussovaya, 126. 

— conglomerates of Worcestershire, rocks resembling 
them in Russia, 176. 

D’OmaUus d'Halloy, his name of Pen4en, 140. ^ 

Domanik (black) schists, first classed as upper Silurian, 413, and 
afterwards as Devonian, 645. 


Dombrova and Bendzin, Poland, coal sixty feet thick at, 661. 
Dome, great central, of Devonian rocks, 53. 

, imperfect, of the coal strata at Lissitchia-Balka, 109. 

Don, river, near Voroneje, the most southerly |)oint at which 
Devonian rocks appear, 60. 

, upper sections of the, afford thirty species of true Devo- 
nian shells with ichthyolites, 62. 

and Dnieper,carboniferous region between, 89. SeeDone/z. 

, cretaceous rocks of the, 270. 

, new land near the mouth of, 673. 

Cossacks, chalk of the country of the, 266. 

Cossacks, capital of the, built of step^ limestone, 299. 

Donetz, coal-field, and region watered by the, 88, 89. 

, carboniferous sections on the, 102. 

, comparison of the coal-field of, with that of other parts 

of Europe, 122. 

, Jurassic rocks near Izium on the, 249, 260. 

, lowest Jurassic beds on this river the equivalents of 

highest beds at Moscow, 251. 

, Jurassic rocks of the, jcompared with the white lime- 
stone of Cracow and the coral rag, &c. of England, 263. 
, chalk of the, 266. 

Donetzkaya, on the Don, natural sections of the carboniferous 
rocks near, 102. 

Donkof, or Dankof on the Don, sandy magnesian limestones of 
the Devonian period at, 61. 

D’Orbigny, M. Ale., his work on South America, 6. 

, his view of the anaAgy existing between 

the termination of the palseozoil and the cretaceous pe- 
riods, 210. 

, Ills examination of the Jurassic fossils of 

Moscow, Koroshovo, &c., 238. (See Description of vol. ii. 
419.) 

Dorpat, Silurian detritus transported tn, 610. 

, fossil fishes from the Devonian beds of, 40, 62. 

Drummen (Norway), eruptive and metai6br|)hic rocks near, 14. 
DrcchitiJofka, ucot Simbirsk, tertiary fossils at, 278.^ 

Drift, "oee also Blocks^ Erratics^ Detritus^ &c. » 

Drift sands, thickness of, between Uvt-Vaga and Ustiug, 176. 

, local use of the term for the Ural alluvia, 476. 

, forming the mammoth clay, at Taganrog, 602. 

, Scandinavian, and erratic blocks in Russia, 607. 

, northern, and erratic blocks near St. Petersburgh, 612. 

, partial absence of, on the banks of the Andoma, 616. 

, mixture of, in Russia, 622. 

, northern, deposited at the bottom of a sea, 624. 

excentrically thrown off from Scandinavia, 527. 

, great maeses q/*, have acted like glaciers, 636, 

and erratic blocks, difference between them in Sweden, 546, 

in the vicinity of polished rocks in ftillaniey, 549. 

, mounds of, act like glaciers, 663, 654. 

in Russia by rivers, 665. 

Dubois de Montpereux, M., his collection of tertiary fossils from 
Butschak on the Dnieper, 286. 

j his discovery of true eocene beds in 

Armenia, 289 ; his Caucasian map, 576, <166. 

, hiyletermination of the age of the 

Volhynian and Podolian de})osit8, 293. 

.... ■ his division of tertiary deposits, 294. 

, his account of the tract between 

Circassia and the Caucasus, 675. 

Duderhof, St. J’etersburg, lower Silurian hills of, 28*. 

Dufrenoy, M., his geological map of Fpnee, 4. 

, his view of the nummuhtic beds of the Pyren(^s, 

284. • 

Diina river, Devonian rocks along the banks of, from Riga to 
Kirchholm and Kokenhusen, 60. 

, comparative absence of erratic blocks in the estuary 

of the, 610. • ^ 

Dunhof (Livonia), gypsum quarried at, 51. 

Duration of species, relation between .this and their wide exten- 
sion, 216. 

Durocher, M. See M. Elie d4 Beaumont on his i^moir, 526. 

• 4s ' 
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Dwina, road to, north-east of Vitegra, dlAcolty of defining 
the southern limits of the old red sandstone at, 49. 

, carboniferous limestone extends beyond, 73. 

, fine cli|^ of carboniferous limestone on the left bank 

between SUskaya and Rakolkskaya, 76. 

, fossils of the white (carboniferous) limestone of the, 76. 

, the lower carboniferous strata obscured, 77. 

, Permian rocks exposed in ascending this river from 

Archangel, 172. 

, shelly sea-bottoms observed on the banks of, 327. 

, phsenomena of elevation of blocks on the banks of, on the 

breaking up oT the frost, 566, 567. 

, vege^le deposits at the mouth of, 570. 

Dwytenskaya (canal of Marinsk), carboniferous limestone at, 75. 
, fossils found at, 75. 

Dykes of crystalline rock near Karakuba, on the Kalmiuss, 91. 
of magnetic ironstone at Blagodat, 379. 

« 

Earliest stages in the series of palaeozoic deposits best exhi- 
bited in Scandinavia, 19*. • 

Eastern flanks of the Ural, geological structure of the, 437. 
Echini, spuies of, at Kasimof, in the carboniferous limestone, 84. 
Echino-encriniteSf account of, 38. 

Egeberg (Norway), metamorphosed Silurian rocks near, 14*. 
Egerton, Sir P. de G., his aid, 39*. 

Ehrenberg, M., hi8«.remarks on Russian fossil Jnjkmria (see 
vol. ii.). 

Eichwald, M., his woiks on the older Russian deposits (Preface). 
" — , his comparison of the red earth near St. Peters- 

burg with the old red sandstone, 32|*. 

, fossils found by him in the isle of Daj^, 35. 

, his account of Russian Silurian trilobites, 37*. 

, notice of his memoir on the Devonian fishes of the 

neighbourhood of Pavlosk, 39. 

— — , his accouuAof structure of Mount Bogdo, 194. 

^his account of plastic clays between Grodno and 

Kremtnetz, 285. ^ ^ 

f his researches concerning tertiary limestones, 305. 

, his list of Casifian species of shells, 306. 

, his account of the Bos Aurochs^ 639. 

Eifel, fish of the old red sandstone found in the, 7*. 
Ekaterinburg, road across the Ural to, 342, 344. 

, geology of the environs of, 360. 

, section from this place to Kaltchedansk, 362. 

, geology of the district north of, 368. 

, structure of the Ural chain to the south of, 421. 

, gold mines near, 476. 

Elasmotheriumt an extinct genus of large quadrupeds peculiar 
to Russia, 501. 

Elephant and mastodon, not of the mioccne {leriod, 304. 
Elevation of land in the Baltic provinces of Russia, 32. 

of the shelly deposits of the Dwina and Vaga, 331. 

, proofs of, observable in extensive coast lines, 332. 

of Russia after last submergence, date of, 538. 

— of land, marks of, near the shores of Black sea, 575. 

and depressions of land vrith few dislocations in Rus- 
sia, 584. y 

I-.-, direction of, in the mountain chains of Northern 
Europe, 587. 

Elevatory process affecting the level of the great inland seas of 
Southern Russia, 312. 

Elton lake, the salt of, 192. 

Emperor of all the Russins (see Dedication to, and Pr^aee), 
Eifimericb, M., his work on trijpbites, 4. 

Emmons, Dr., his laconic system of America referred to, 4*. 
Encrinitkl limestone (crystaUine) occurring between two erup- 
tive ridges, 426. 

■ niaible at Syrostan, near Miask fUral), 434. 

£ucrinites, peculiar allied forms ip the Scandinavian and Russian 
Silurian rocks, ^*. 

Engelmann, M., his memair on Olonetz, 28. 

England, norih of, comparison o^Donetz coal-field with that of, 


England, Norwegian detritus in, 527. 

English mining expressions used by the Russians, 107. 

Enikal4, or Yenikal^, tertiary marine fossils found there, 303. 
Eocene tertiary fossils at Antipof ka on the Volga, 277. 

deposits, probable wide extension of, in Ger- 
many, Poland, 282 ; opinion modified, 652. 

on the Dnieper, 288. 

■ ' - on the Lower Volga, 283. 

of Russia, general account of, 284. 

near Simbirsk, 287 ; in Armenia, 289. 

Equisetaceous plants, fossil remains of, in the siliceous grits 
(Jurassic) of Moscow, 240. 

Eraol (South Ural), Devonian rocks seen at, 430. 

Eraolski Gora (South Ural), syenitic boulders on flank of, 430. 
Eremell. See Iremel (South Ural). 

Erimatolithus madreporites {flofiformts) of Martin. See Lu 
thoatrotion Jiorifbrme. 

Erman, M., Ad., his geological map of Siberia, 6*. 

his determination of the position of the Ob- 

dorsk mountains, 340. 

his determination of the rocks of Obdorsk, 411. 

Erosion of the surface of rocks in Norway, 542. 

of the upper cretaceous rocks not observable in Russia, 

278. 

Erratic blocks. See Blocks, erratic. 

Erupted rocks of the Ural, some of comparatively modern date, 
465. 

Eruptive origin of the magnetic iron ore of Blagodat, 380. 

of the Irendyk, 453. 

Eruptive rocks, near Christiania and Drammen, 13*. 

in Sweden, 15 et seq, 

— of the Lapland Rus*^ian frontier, 23 et seq. 

of the Timan, 415 ; of the Ural, 337 et seq. 

between Vercli-Uralsk and Orsk, 444. 

Escarpments of Jurassic rocks generally absent in Russia, 229. 

of Upper Jurassic rocks on the Donetz, 250. 

Escars, explanation of origin, 549. 

Esthonia, bituminous schist (lower Silurian) in, 28*. 

, lower Silurian rocks of, 33*. 

Ewmphalus qtuilteriatus, characteristic lower Silurian shell, 
37*. 

pentangulatus, characteristic carboniferous shell, 76. 

Eurite of the Irendyk ridge, 453. 

on the Issetz near Sinolino, 363. 

European equivalents of the Russian Jurassic rocks, 254. 

Evst, a tributary of the Diina, undulations of the strata near, 
51. 

Excentric distribution of the northern drift, 548. 

Exogyra found in the greensand near Kamischine, 276. 
Extension of species in space, relation between this and their 
duration in time, 216. 

Extent of detritus in Russia, 507. 

Fallh of the Narva, recession of, 34. 

False stratification in the sandstones beneath the steppe lime- 
stone, 300. 

Faults seldom recognizable in European Russia {passim). 

Fauna of the Silurian deposits of Russia, 36. 

of the Devonian or old red sandstone series of Russia, 62. 

of the Russian carboniferous system, 132. 

of the Permian system, 205. 

, tabular list of species of, 221. 

, recapitulation of, 228. 

Favosites, the relations of this genus of corals to Chcetetes, $93. 
Favosites alveolaris^ Goldfuss, description of Russian specimens, 
610. 

r- PetropoUtanus, Pander. See Chatetes PetropoUtanus, 

polymorpha, Goldfuss, description of Russian speci- 
mens of, 610. 

Featherstonhaugh, Mr. G. W., his application of English classi- 
^ fication to America, 5. 

Features, characteristic, which distinguish the Permian from 
rarhonifprniis 206 
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Felkener, Lieut., his account of the roeka on the eaat ihore of 
the Caspian, 808, 818. 

Felspar, decomposed, of Kaltchedansk, 866. 

porphyry, of a pink colour, in the lower conglomerate 
of the Donetz coal-field, 03 ; in the South Ural, 444, 453. 
Felspathic rocks of the Irendyk ridge, 453. 

" associated with gold ore, 477. 

and gneissic rocks of the southern steppes, 91. 

Feneatella, most abundant coral of the Permian system, 806, 381. 
Feodorofskaya, on the Volga, Jurassic beds caiiped by cretaceous 
rocks at, 846. 

Fer oxydul^ (magnetic iron), its constant presence in igneous 
rocks, 3w. 

Ferruginous sands with ironstone concretions, with fossiliferous 
Jurassic rocks, 833. 

with green grains, in the Moscow basin, 836. 

sandstone of Tatarova, fossil plants of, 840. 

' ' '■ — of Russia, probability that all of them belong 

to the coral rag formation, 843. 

and lignite, underlying oolitic beds at 

Karoenka on the Donetz, 851. 

Fibrous iron ore of Vurasamskoi in the South Ural, 486. 
Filosofskaya, in northern Russia, Fiisulinse observed near, 87. 
Finland, gulf of, the structure of some of its transverse erup- 
tive islands described, 84'*‘. 

, section on the shores of the gulf of, 34. 

, angular blocks on the banks of the gulf of, 511. 

, identity of erratic blocks on the Slavenka with the 

rocks of, 518. 

Fischer de Waldheim, M., his work on the environs of Moscow 
referred to, 80. 

j his Ehopalodon ManteUii of the 

Permian rocks, 154. 

, his names of Permian plants, 819, 

and vol. ii. 

, his researches concerning the Juras- 
sic fossils of Russia, 834. (See vol. ii.) 

, his account of the fossil quadrupeds 

of Russia, 501. 

Fishes, fossil, their remains not hitherto found in the Silurian 
rocks of the continent, 

(Devonian), remains of -*in marlstone south of St. 

Petersburg, 3il, 39* ; at other places, 42 ef 
Fishes, fossil (Devonian), M. Eichwald’s memoir on this subject 
commented on, 39. 

— found in the gorge of the Priksha, 46. 

, no other fossils found in the sandy 

and argillaceous Devonian rocks near Lake Onega, 48. 

, of Riga, 52 ; of Orel, 56. 

, gigantic species from Dbrjiat, 53. 

, of Russia, and their relation to those 

found in Scotland in the old red sandstone, 65 ef 

, remains of, found on the Vol, 414. 

(Permian), account of, 212. 

^ not rare in rocks of this epoch, 818. 

— — (Jurassic), from the Volga, 840. 

(Tertiary), described by Pallas, 494, 

Fissures, singular, seen in some parts of Russia, 671. 

Flags, calcareous, on the western fiank of Mount Kalu in the 
South Ural, 459. 

, on the Vloia, 30*. 

Flagstones of Bechef on the Kalmiuss (carboniferous), 95 ; and 
shale of the Miuss (carboniferous), 99. 

, granitic, near Kanevsk and Miask (South Ural), 

423, 435. 

Flexible schists (Silurian) on the Ukhta, 414. 

Flexures and contortions in the country of the Donetz, 93, 103 ; 
on the flanks of the Ural, 357, 3^, 383 teg,, 429 e/ teg,, 
466 et teg. 

Flint, courses of, in the cretaceous rocks of Uspensk, 866. 

•— » and chert associated with Permian grits and shales, 153. 1 
Floods occurring in Russia during the spring, their great extent 
and effects, 572. 

» 


Flora, Permian, general remarks on, 818. 

Foramm\fera, great abundance of, in the rocks of the Russian 
carboniferous series, 135. 

Forbes, Prof. Edward, his existing Scottish anal^ to the be- 
ginning of the Aralo-Caspian formation, 3017 

, his proofs that the arctic character of 

species does not wholly depend on latitude, 558. 

Forbes, Prof. James, his views of the nature of glacier move- 
ment, 509. 

Forchhammer, Prof., his analysis of metamorphosed limestone 
at Djelcbeck (Norway), 14. 

, his memoir on the conversion of fucoid 

schists into gneissose rocks, referred to, 14*. 

, his geological map of Denmark, 641. 

, his opinions on the transport of boulders, 

555. 


Forests, absence of, in Southern Russia, 564. 

, effects of their destructiqn in Northern Russia, 578, 

Fossiliferous beds (Silurian) on the banks of the river Is, North 
Ural, 394. 

(Devonian) on the Serebrianka and Tchusso- 

vaya, 384. 

(Carboniferous) appearance of on the Issetz, in 

Siberia, 363. 


on the eastern flanks of the 


Ural, 439. 

(Permian), at Sviask and Aazan, 162. 

, on the river Riana, 166. 

(Jurassic) of the Urals 496. 

(Jurassic) at Oksevo, on the Oka, 833. 

Fossils (Silurian), geuclal remarks on their distribution, 36 et 
teg, 

many species common to Russia and other 

parts of the world, 36*, 37*. , 

, aliscnce of, near the Silurian axis of the Irendyk chain, 

460. 

(lower Silu^<an) from many localities in the goj^rnments 

of St. Petersburg and Esthonia, 26, 87 to 39. % 

— ^ in the Arctic Ural, 408. 

(upper Silurian) of Norway, l2*. 

of Gothland, 18*. 

, wide distribution of certain species of, 

19. 


found by M. Pander in the Russian 

island of Oesel, 35. 

found in the Ural mountains, 364, 370, 376, 382, 396, 

401, 402, 456 et teg, 

found in the Arctic Ural, 408. 

— found in the Timan range, 413. 

(Devonian) of Marina and Poritz ^t. Petersburg), 32*, 

33, 39*. 

of Tchudova south of St. Petersbiu’g, 42. 

at Bor, on the Volkof, 43. 

ichthyolites on the banks of the Volkof, 44. 

between Riga and Dorpat, 52. 

gigantic bones of fishes (Chelonichthyt At- 

mutii) at Dorpat, 63. 

• ■^, general vie^of, 62 et teg, 

of the flanks of the Ural mountains, 364, 368, 384, 386, 


390, 397. 


- of the Timan range, 414. 


- (carboniferous) of the limestone of the Priksha, 72. 

casts of, ill magnesian limestone of this 

-, of the Moscow limestone, 80. • 

-, of the Futulina limestone, 76, 85, 86, 98. 


period, 73. 


.■■I ■ I ■■■ ■' — y UJ. l>Uv A’ Aiaaivos'wtii^^ r 

, associated with coal at Alexandrofsk, 96. 

, of the limestone alternating with the 

coal seams of Lissitchia Balka, IIQ. 

, of the Dbnetz coal-field,their importance^ 

• -lAA 


to the practical miner, 128. ^ 

characteristic of the calcareous grit of 


Artinsk. 188. 


\ 


I 
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Dwin«» Kigh road to« ]iortii-«iit of diflkndty of ^ 
the erndhern linuts of tlie old red landitone at, 49« 

■ , earbonifercrai Umeitoiie extends beyond, 73. 

— , fine diit of ctrboniferons limestone on the left bank 
b^een Siiskaya and Rakolkskaya, 76. 

— , fbstnls of the white (carboniferous) limestone of the, 76. 

, the lower carboniferous strata objured, 77. 

, Permian rocks exposed in ascending this river from 

Archangel, 172. 

, shelly sea-bottoms observed on the banks of, 327. 

phmnomena of elevation of blocks on the banks of, on the 
bluing up dr l^e frost, 566, 567. 

, vegetable deposits at the mouth of, 570. 

Dwytenskaya (canal of Marinsk), carboniferous limestone at, 75. 
, fossils found at, 75. 

Dykes of crystalline rock near Karakuba, on the Kalmiuss, 91. 
of magnetic ironstone at Blagodat, 379. 

I 

Eauliest stages in the series of palieozoic deposits best exhi- 
bited in Scandinavia, 19*. « 

Eastern flanks of the Ural, geological structure of the, 437. 
Echini, spines of, at Kasimof, in the carboniferous limestone, 84. 
Echim^inerinitet^ account of, 38. 

Egebcrg (Norway), metamorphosed Silurian rocks near, 14^. 
Egerton, Sir P. de G., his aid, 39*. 

Ehrenberg, M., hi8«.remark8 on Russian fossil Injimria (see 
vol. ii.). ^ 

Eichwald, M., his works on the older Russian deposits (Preface). 

■ — , his comparisifa of the red earth near St. Peters- 
burg with the old red sandstone, 3^*. 

, fossils found by him in the isle of Da^, 35. 

, his account of Russian Silurian trilobites, 37*. 

, notice of his memoir on the Devonian fishes of the 

neighbourhood of Pavlosk, 39. 

, his accoun(.of the structure of Mount Bogdo, 194. 

^ his account of plastic clays between Grodno and 

Kremlnetz, 285. ^ 

— f his researches concerning tertiary limestones, 305. 

, his list of Ca8)flan species of shells, 306. 

■ ■■■" — , his account of the Bos Aurochs, 639. 

Eifel, fish of the old red sandstone found in the, 7*. 
Ekaterinburg, road across the Ural to, 342, 344. 

, geology of the environs of, 360. 

, section from this place to Kaltchedansk, 362. 

— — . — , geology of the district north of, 368. 

, structure of the Ural chain to the south of, 421. 

, gold mines near, 476. 

Elasmotherium, an extinct genus of large quadrupeds peculiar 
to Russia, 501. 

Elephant and masto^n, not of the mioccne period, 304. 
Elevation of land in the Baltic provinces of Russia, 32. 

of the shelly deposits of the Dwina and Vaga, 331. 

• , proofs of, observable in extensive coast lines, 332. 

of Russia after last submergence, date of, 538. 

■ — of land, marks of, near the shores of Black se^ 575. 

and depressions of land with few dislocations in Rus- 
sia, 584. y 

, direction of, in the mountain chains of Northern 

Europe, 587. 

Elevatory process alfecting the level of the great inland seas of 
l^iitbem Russia, 312. 

Elton lake, the salt of, 192. 

Emperor of all the Russics (see Dedication to, and Prrface), 
EAmerich, M., his work on tri|pbite8, 4. 

Emmons, Dr., his Taconic system of America referred to, 4*. 
Encrinital limestone (crystaUine) occurring between two erup- 
tive ridges, 426. 

marble at Syrostan, near Miask (Ural^, 434. 

£ncrinites, peculiar allied forms ip the Scandinavum and Russian 
Silurian rocks, 29*. 

Engelmann, M., his roemair on Olonetz, 23. 

England, nogh of, comparison ol^Donetz coal-field with that of, 

122. T 


England, Norwegian detritus in, 527. 

English mining expressions used by the Roiaians, 107. 

EnUud4, or Yenikal4, tertiary marine fossils found there, 303. 
Eocene tertiary fossils at Antipof ka on the Volga, 277. 

deposits, probable wide extension of, in Ger- 
many, Poland, 282 ; opinion modified, 652. 

on the Dnieper, 288. 

on the Lower Volga, 288. 

■ — of Russia, general account of, 284. 

■ ' ■ - near Simbirsk, 287 ; in Armenia, 289. 

Equisetaceous plants, fossil remains of, in the siliceous grits 
(Jurassic) of Moscow, 240. 

Eraol (South Ural), Devonian rocks seen at, 430. 

Eraolski Gora (South Ural), syenitic boulders on flank of, 430. 
Eremell. See Iremel (South Ural). 

ErismatoUthus madreporites (Jhriformis) of Martin. See L*- 
thostrotionfloriforme. 

Erman, M., Ad., his geological map of Siberia, 6*. 

his determination of the position of the Ob- 

dorsk mountains, 340. 

his determination of the rocks of Obdorsk, 411. 

Erosion of the surface of rocks in Norway, 542. 

of the upper cretaceous rocks not observable in Russia, 

278. 

Erratic blocks. See Blocks, erratic. 

Erupted rocks of the Ural, some of comparatively modern date, 

465. 

Eruptive origin of the magnetic iron ore of Blagodat, 380. 

of the Irendyk, 453. 

Eruptive rocks, near Christiania and Drammen, 13*. 

in Sweden, 15 et seq. 

of the Lapland Ru^ian frontier, 23 et seq. 

of the Timan, 415 ; of the Ural, 337 et seq. 

between Verch- Uralsk and Orsk, 444. 

Escarpments of Jurassic rocks generally absent in Russia, 229. 

of Upper Jurassic rocks on the Donetz, 250. 

Escars, explanation of origin, 549. 

Esthonia, bituminous schist (lower Silurian) in, 28*. 

, lower Silurian rocks of, 33*. 

Euompkahia qualteriatuSf characteristic lower Silurian shell, 
37*. 

pentanpulatus, characteristic carboniferous shell, 76. 

Eurite of the Irendyk ridge, 453. 

on the Issetz near Smolino, 363. 

European equivalents of the Russian Jurassic rocks, 254. 

Evst, a tributary of the Diina, undulations of the strata near, 
51. 

Excentric distribution of the northern drift, 548. 

Exogyra found in the greensand near Kamisebine, 276. 
Extension of species in space, relation between this and their 
duration in time, 216. 

Extent of detritus in Russia, 507. 

Falls of the Narva, recession of, 34. 

False stratification in the sandstones beneath the steppe lime- 
stone, 300. 

Faults seldom recognizable in European Russia {passim). 

Fauna of the Silurian deposits of Russia, 36. 

of the Devonian or old red sandstone series of Russia, 62. 

of the Russian carboniferous system, 132. 

of the Permian system, 205. 

, tabular list of species of, 221. 

, recapitulation of, 228. 

Favosites, the relations of this genus of corals to Chatetes, 593. 
Favosites alveolaris, Goldfuss, description of Russian specimens, 
610. 

r- Petropolitanus, Pander. See Chcetetes Petropolitanus. 

polymorpha, Goldfuss, description of Russian speci- 
mens of, 610. 

Featherstonhaugh, Mr. G. W., his application of English classi- 
* fication to America, 5. 

Features, characteristic, which distinguish the Permian from 
the carboniferous rocks, 206. 
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FelkeiMr, Lieut., hit tocouut of the rookt on the east thore of 
the 808, 818. 

Feltper, deoonp<^, of Kaltchedanik, 366. 

■ ■ ^ colour, in the lower conglomerate 

of the Donets coal-field, 93 ; in the South Ural, 444, 453. 
Felipathic rocki of the Irendyk ridge, 453. 

associated with gold ore, 477. 

and gneissic rocks of the southern steppes, 91. 

FenitteUa, most abundant coral of the Permian system, 206, 221. 
Feodorofskaya, on the Volga, Jurassic beds capped by cretaceous 
rocks at, 246. 

Fer oxyM6^^agnetic iron), its constant presence in igneous 

Ferruginous sands with ironstone concretions, with fossiliferous 
Jurassic rocks, 238. 

with green grains, in the Moscow basin, 236. 

'■ sandstone of Tatarova, fossil plants of, 240. 

*■ of Russia, probability that all of them belong 

to the cond rag formation, 243. 

and lignite, underlying oolitic beds at 

Karoenka on the Donetz, 251. 

Fibrous iron ore of Yurasamskoi in the South Ural, 426. 
Filosofskaya, in northern Russia, Fusulinsc observed near, 87. 
Finland, gulf of, the structure of some of its transverse erup- 
tive islands described, 24*. 

, section on the shores of the gulf of, 34. 

, angular blocks on the banks of the gulf of, 511. 

, identity of erratic blocks on the Slavcnka with the 

rocks of, 512. 

Fischer de Waldheim, M., his work on the environs of Moscow 
referred to, 80. 

— , his Rhopalodon ManteUii of the 

Permian rocks, 154. 

— , his names of Permian plants, 210, 

and vol. ii. 

' ■ — , his researches concerning the Juras- 

sic fossils of Russia, 234. (See vol. ii.) 

, his account of tlic fossil quadrupeds 

of Russia, 501. 

Fishes, fossil, their remains not hitherto found in the Silurian 
rocks of the continent, 33*. 

(Devonian), remains of #in marlstone south of St. 

Petersburg, 33, 39* ; at other places, 42 et sf>q. 

Fishes, fossil (Devonian), M. Eichwald’s memoir on this subject 
commented on, 39. 

found in the gorge of the Priksha, 46. 

, no other fossils found in the sandy 

and argillaceous Devonian rocks near Lake Onega, 48. 

, of Riga, 52 ; of Orel, 56. 

, gigantic species from Dorpat, 53. 

, of Russia, and their relation to those 

found in Scotland in the old red sandstone, 65 et seq, 

, remains of, found on the Vol, 414. 

(Permian), account of, 212. 

, not rare in rocks of this epoch, 218. 

— — ' ' (Jurassic), from the Volga, 240. 

(Tertiary), described by I’allas, 494. 

Fissures, singular, seen in some parts of Russia, 571. 

Flags, cfdcareouB, on the western flank of Mount Kalu in the 
South Ural, 459. 

, on the Vloia, 30*. 

Flagstones of Bechef on the Kdmiuss (carboniferous), 95 ; and 
shale of the Miuss (carboniferous), 99. 

, granitic, near Kanevsk and Miask (South Ural), 

423, 435. 

Flexible schists (Silurian) on the Ukhta, 414. 

Flexures and contortionB in the country of the Donetz, 93, 103 ; 
on the flanks of the Ural, 357, 363, 383 et eeq,^ 429 et eeq,^ 
456 et eeq. 

Flint, courses of, in the cretaceous rocks of Uspensk, 266. 

— and chert associated with Permian grits and shales, 153. J 
Floods occurring in Russia during the spring, their great extent 
and effects, 572. 


Flora, Permian, general remarks on, 218. 

FQramm\fera, great abundance of, in the rocks of the Russian 
carboniferous series, 135. 

Forbes, Prof. Edward, his existing Scottish analojgy to the be- 
ginning of the Aralo-Caspian formation, 3027 

— , his proofs that the arctic character of 

species does not wholly depend on latitude, 552. 

Forbes, Prof. James, his views of the nature of glamer move- 
ment, 509. 

Forchhammer, Prof., his analysis of metamorphosed limestone 
at Djelebeck (Norway), 14. 

— ■ , his memoir on the cojversion of fucoid 

schists into gneissose rocks, referred to, 14*. 

, his geological map of Denmark, 541. 

— — , his opinions on the transport of boulders, 

555. 


Forests, absence of, in Southry’n Russia, 564. 

, effects of their destruction in Northern Russia, 578. 

Fossiliferous beds (Silurian) on the banks of the river Is, North 
Ural, 394. 

(Devonian) on the Serebrianka and Tchusso- 

vaya, 384. 

(Carboniferous) appearance of on the Issetz, in 

Siberia, 363. 


on the eastern flanks of the 


Ural, 439. 

(Permian), at Sviask and Kazan, 162. 

, on the river Diana, 166. 

(Jurassic) of the Urak 406. 

(Jurassic) at Oksevo, on the Oka, 233. 

Fossils (Silurian), genehd remarks on their distribution, 36 et 


8eq» 

— many species common to Russia and other 

parts of the world, 36*, 37*. , 

— , absence of, near the Silurian axis of the Irendyk chain, 
460. 


(lower Silurian) from many localities in the gojprnments 

of Petersburg and Esthonia, 26, 27 to 39. « 

in the Arctic Ural, 408. 

(upper Silurian) of Norway, l2*. 

of Gothland, 18*. 

, vride distribution of certain species of, 

19 . 


found by M. Pander in the Russian 

island of Ocscl, 35. 

— found in the Ural mountains, 364, 370, 376, 382, 396, 
401, 402, 456 et eeq. 

found in the Arctic Ural, 408. 

— found in the Timan range, 413. 

— (Devonian) of Marina and Poritz ^t. Petersburg), 32*, 
33, 39*. 

of Tchudova south of St. Petersburg, 42. 

at Bor, on the Volkof, 43. 

ichthyolites on the hanks of the Volkof, 44. 

between Riga and Dorpat, 52. 

gigantic bones of fishes (Chelonichthf/8 Ae- 

mu8ii) at Dorpat, 53. 

, general view of, 62 et seq, 

— of the flanks of the Ural mountains, 364, 368, 384, 386, 


390, 397. 

of the Timan range, 414. 

(carboniferous) of the limestone of the Pnksha, 72. 

■ ^ casts of, in magnesian limestone of this 

period, 73. ^ 

— , of the Moscow limestone. 80. 

, of the /'’iMM/ina limestone, 76, 85, 86,98. 

— ^ associated with coal at Alexandrofsk, 96. 

, of the limestone alternating with the 

coal seams of Lissitchia Balka, llj. 

, of the Dbnetz coal-fleld,their importance?* 

to the practical miner, 122. ^ 

characteristic of the calcareous grit of 

Artinsk. 128. • \ 
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PomUi (carbonifSeroQB), general remarks on the Russian series of, 
189 it aq. 

— , on the flanks of the Ural mountains, 357, 

363, 876,^, 480, 439, 445, 460. 

— — - , found in the Arctic Ural, 409. 

— - ■ , found in the Timan range, 415. 

" , found at Cossatchi-datchi, in the South 

Ural, 489, 440. 

(Permian), they form a distinct palaeozoic group, 139. 

, found at Grebeni and many other spots on 

the west flank of the South Und, 148. 

- ^“■■,^roductus limestone at Meteftamak, Nijni 
Troitsk, &c. (Bielebei), 153. 

, of reptiliw animals described by M. Fischer 

de Waldheim, 154. 

, found on the banks of the Volga, 162. 

, from the Piana river, 165. 

, from strata^at Ust-Vaga on the Dwina, 174. 

, general absence of, in the tufaceous limestones 

of the Volga, 181. , 

, of Cythernufi or shells resembling them, the 

only ones found in certain red marls, 182. 

, probably form the base of the Bogdo Hills, 

195. 


■ ■ '■ ' — , entirely distinct fium those of the Trias^c 

beds, 204. 

, ^neral review of the whole series, 205 et teg. 

, Ufoular list of, 221. 

(Jurassic) of the€ifiddlc Volga, 231. 

of the Oka and the Moskwa, 233, 234. 

of the Moscow basin, 936. 

of the ferruginous sand and siliceous grit near 

Moscow, 238, 240. 

of the deposits of Orenburg, 247. 

of Ae deposits on the Donetz, 251. 

of me white limestone of Cracow, on the 

baifih; of the Vistula, 253. ^ 

general result of the examination of, ®4 et eeg. 

• — of Sauibins from Simbirsk, 258. 

(Cretaceous) of the * planer kalk’ of Saxony, 262. 

, collection of, in the Museum of Warsaw, 

263. 


of Poland and the Carpathians, 264. 

— of the country of the Donetz, 266. 

of the banks of the river Ural, 272. 

— of the Volga, near Simbirsk, 273. 

(tertiary eocene) in the Crimsea, immediately above cre- 
taceous b^s, 284. 


near the city of Kief, and at Butschak 

on the Dnieper, ^85 ; list of, from Butschak, 286. 
^m Simbirsk, 287 ; from Antipofka, 


(tertiary mioccnc) from Wieliczka (Poland), 291. 

from Koronitza in Poland, and the 

Upper Vistul^ 292. 

from Podolia, Volhynia and Bessarabia, 294, 295. 

from Taganrog on the m of Azof, 296. 

(upper tertiary) of a bramsh water Mediterranean, form 

the Aralo-Caspian or steppe limestone, 297-327. 

„ — , — from Novo Tcherkask, 301. 

from the Crimaea, 301. 

from the cliffs of the Caspian, 306. 

" ^m the cliffs of the Aral sea, 316. 

p from the basin of Bulgar, 324. 

from th^steppe of Astrakhan, 316. 

of raised North Sea beaches on the 

Dwina, Ust-Vaga and Petebora, 329, 332. 

- , remains of quadrupeds in the North and 

^ South Ural, 478, 491, 494,^498 et eeg, 

— in European 

Russia, 500. • 

France, Silumn rocks of, 4 ; Gres de Vosges of, 203 ; Jurassic 
rocks m, 249, 254 ; cretaceftns system of, 261. 


Franconia, Deyonian rocks of, 3*. 

Frears, Mr., his researches in the environs of Moscow, 81. 

• his valuable assistance in collecting the Jurassic 

fossils of Moscow, 285. (See fossils named after him by 
us, vol. ii.) 

Freberga, (Sw^en) limestone with Spheronites at, 18. 
Fredmeksviim, granitic rock of, resembling that of Cornwall, 

Freezing cavern in gypseous hiU at lUetzkaya-Zaitohita, 185. 
Frelofski (North Ural), copper mine of, 399. 

Freshwater tertiary shells deposited in the bed of an ancient 
Mediterranean sea, 297. 

Frost, disruption of rocks, and heaps of blocks caused by, 569. 
Frozen soil of Yakutsk, 190. 

Fucoids in the lower shale of Norway, 12. 

, presence of, in the lower Silurian clay near St. Pe- 
tersburg, 26*. 

' ■ characterize the lowest Silurian strata of Scandinavia 

and Russia, 15*, 36. 

in Devonian limestone of Tchudova, 42. 

FusuUna limestone, its position in the uoper part of the Russian 
carboniferous series on the Volga, 85. 

occurring at Goradofka (South Russia), 98. 

found on the Bielaya, 415. 

Pueulina in the upper carboniferous strata (road to Archangel), 
76, 

, in the upper carboniferous strata at Velikovo, 85 ; 

on the Ussa and Volga, 86 ; at Goradofka, 98. 

found in the Gurmaya hills (South Ural), 451. 

Galahopski, Colonel, his assistance, 378. 

Garbatof, on the Oka, large erratfie block at, 524. 

Garnet rock (altered Silurian limestone), Djelebeck, Norway, 14. 

(altered Devonian limestone), Turyinsk (North 

Ural), 398. 

between walls of serpentine (South Ural), 435. 

Garnets in strata penetrated by intrusive rocks, 433. 

Gascoigne, a Scottish miner, first explorer of the iron ore and 
coal in the country of the Donetz, 107. 

Gatterqpodoj their rarity among Permian fossils, 209. 

Geinitz, Dr., his list of the zechstein fossils of Saxony, 215. 

, his views on^-he cretaceous rocks, 262. 

General objects of the present work, 8*. 

Geneva, freezing caverns near, 197. 

Geologists, one of their great objects of late years the investi- 
gation of the older palsozoic rocks, 1. 

Geography, physical, of Central Russia, 20* ; of the Ural moun- 
tains, 339. 

Geological evidence of the modern distribution of auriferous 
alluvia into the Ural, 472. 

Germany and Belgium, older palmozoic rocks of, 3. 

, development of the cretaceous system in, 261. 

, greater resemblance of the Russian cretaceous depo- 
sits to the series in those countries than to those of the 
rest of Europe, 279. 

, Northern, and Poland, probable existence of eocene 

tertiaries in, 288. (Sec also Appendix P.) 

Germar and Kurtze, their list of the fossils of the kupfer- 
schiefer of Mansfeld, 215. 

Girialskaya (Orenburg), sandy conglomerate (Permian) of, 146. 
Glaboka (Donetz), white chalk on the, 266. 

Glacial action, no appearance of, in the Ural mountains, 412, 
522. 

— , effects like it may have been produced by great 

masses of drift, 586. 

theopr, its utter inapplicability to Russia, 530. 

Glaciers, their agency assumed by Agassiz to account for the 
phienomena of far transported drift, 508. 

— — probably once existed in the mountains of Norway, 
Scandinavia and Lapland, 528, 548, 554. 

U— — , how they have contributed to form sea-bottoms, 589. 

■ their former existence and advance impossible in 

Sweden and Russia, 543. 
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Gleiwltz (Siletit), boulden it, 596. (Srr. in text Gleinitz.) 
Glen Roy (SootUnd), ptndlel ridnee of, 568. 

Glinka, General, hit aiiiitance, 369. 

OI]/pto»t9ut retieulatut and ^kptenu, ichthyolites found to 
the south of St. Petenbunf, 83, 49, 43. 

Gneiu, proof of its existence m its or^ary condition (as an 
altered rock) before the deposit of the overlying Silurian 
rocks of Sw^en, 16. 

— and felspathic rocks of the southern steppes of Russia, 91. 
Gneissose rocks of Norway, 11. 

Gdbel, M., his analysis of the Caspian water, 308. 

Golubinskaya, cretaceous section on the Don, 970. 

Gold alluvia of Neviansk (North Ural), 368. 

near Bissersk (North Ural), 390. 

not associated with the copper on the west flank 

of the Ural mouutains, 474. 

, nature of, 476. 

at Soimanofsk (South Ural), 487. 

, limits of its distribution, 479. 

Gold ores at Listvenaya-gora (South Ural), 435. 

, period of its introduction into the Ural, 479. 

, usually in quartz veins, 477 et teg. 

, a large lump of, weighing 78 English pounds, found at 

Zarevo-Alexandrofsk, 489, 490. 

mines of Derezovsk (Ekaterinburg), 476. 

of Ciirestovodsvisgensk (west of North Ural), 480. 

of Peshanka, near Bogoslofsk (North Ural), 482. 

south of Miask (South Ural), 488. 

Gold produce of Siberia, Mr. Murchison’s discourse on, 648. 
Goldiiigen (Courland), Devonian strata at, 50. 

Goniatite grits (carboniferous) of the Tchussovaya, 197. 

found at Aftinsk, 199. 

Goniatites in Domanik schists on the Ukhta(Devonian),414, 645. 
Goradofka, near Bachmuth, section through the carboniferous 
rocks from Karakuba to, 98. 

Gorbtitof on the Oka, Permian red marls, 180; northern drift 
and large blocks at, 520. 

Gorbatchofskaya (Donetz), sequence of carboniferous rocks at, 
95. 

Gorge of alabaster (Permian) at Kaletzkaya, through which the 
Dwina runs, 173. 

Gorges of carboniferous and Devo];iiaa rocks on the banks of the 
Tchussovaya, 125, 386, et teg. 

rarely or never formed by ordinary rivers, 345. 

Gorodnia, near Kolomna, white carboniferous limestone ob- 
served near the post-house of, 83. 

Goroditebe on the Volga, account of the section at, 946. 

, bituminous schists (Jurassic) of, 945. 

, concretions of impure argillaceous limestone (Ju- 
rassic) at, 945. 

Gorodok (east of Perm), section of the strata of the carboni- 
ferous series at, 127. 

, fossils found in the Permian rocks at, 143. 

Goryn (south of Grodno), tertiary rocks on the banks of, 285. 
Gosudarev-Buyerak (Donetz), gritstones and other rocks sub- 
ordinate to the limestone at, 105. 

Gothland, upper SUurian rocks of, identical with those of En- 
gland, 18*. 

, contemporaneity of the strata in Oesel and Dago 

with those of, 35*. 

Gourieff, or GuriefF, g}'pseous elevations near, 192. 

Gourmaya, or Gunnaya Hills (South Ural), carboniferous lime- 
stone of, 139. 

- — — Permian beds from Verchni 

Ozernaia to the, 146. 

Grabovaya (Donet^ dark-coloured carboniferous limestone and 
flagstones of, w, 

Orafskaya Slavenka (south of Czarskoe-Celo), fossils from the 
quarries of, 99. 

Granite piercing metamorohosed Pentamerus limestone at 
Djelebeck (Norway), 14. ) 

Granite of newer, as well as of azoic age in Norway, 11*. 
and irranitic aneiss, ancient date of, in Sw^en, 17*. 


Granite steppe, the basis of the Donetz coal-field, 90. 

of the Timan range, 418. 

with many minerals (Ural), 861, 895, 438, 436, 640 et 

teg. 

seen in the descent from the Ural-tAi to the Miass 

river, 434. 

, stratified, opinion of Humboldt on, 435. 

— , newer granites of the Ural, how distinguished from the 
older of Scandinavia, 861, 895, 449 et teg. 

- of Ui near Uvelsk, 441. 

, greater abundance of in the lower ridges of Siberia 

than in the Ural, 443. 

knolls, resembling the ’cheese-rings’ of Cornwall, occur 

at Stepnaya (east of the Ural), 448. 

of the Kirghis steppes, the eruptive newest rock, 444. 

of the Carpathians, its age, 666. 

Granitic gneiss of Norway, ^f the most ancient (azoic) date, 11. 

veins in the gneissose rocks of Norway, 11. 

rocks, M. von Buch’s account of their structure and 

form, 16*. 

rocks of Sweden amf Norway of different epochs, 11, 

13*, 16*. 1 » 

steppe of Volhynia and Podolia, height of its w estern 

extremity, 91. 

rocks of Siberia, recent eruption of, 361, 395, 426, 444. 

zone to the east of Nijny Tagilsk, 376. 

axis of the Timan, age of, 416. * 

flagstones near Kanevsk and Miask, 423, 435. 

Granitiform ridges of the Ilmen Hii|s east of Miask, 435. 
Granitoid rocks of the Kalmiuss (Don Cossacks), 91. 

Graptolite schists a? Kinnekulle (Sweden), 15*. 

Graptolites in the lower Silurian rocks of Russia, 28*. 

Graube, M., his assistance in the North Ural, 391. 

Grauwackc, quartzose and siliceous, on the Kiga, 432. 

Gravel and alluvia near Bissersk, 3^. See Diluvium. 

containing elephants’ hones ani>|}old at various places on 

the east fl:mk of the Ural mountains, 478, 482/487, 491. 

” GrJystone,” a felspathic greenstone at Smolino Vssetz), 363, 

391. _ 

Grebeni (Orenburg), hills of, afford a good example of the dis- 
locations of the Permian rocks, 183. 

, fossiliferous Permian limestone at, 147. 

Grtcn, Dr., his memoir on the Trilobites of North America, 5. 
Green grains in the bottom layers of ‘ plcta,’ or lower Silurian 
limestone, 28*. 

Greensand, lithological resemblance of some beds of the J urassic 
period in the Moscow basin to, 236. 

interposed at Izium on the Donetz, between the 

upper Jura beds and the white chalk, 251. 

of the cretaceous period atdLJspensk, on the Donetz, 

966. 

Greenstone injected into crystalline rocks in Finland and Lap- 
land, 22*. 

dyke at Nijny Tagilsk (North Ural), 370. 

, felspathic, of the Katchkanar, with magnetic iron, 

392. 

of Cape Barmin-mis (Timan), 413. 

in contact withVlolomites at Satkinsk (South Ural), 

499. 

porj)hyry of Gruznushinsk (South Ural), 445. 

— , hill of, at Preohrajenski-gora (Orsk), 446. 

, undulating cones of, in the Guberfinski Hills, 448. 

and porphyries of the axis of the South Ural, 454. 

Grenna (Sweden), section of lower^Silurian strata at, 17*. 

Gres d'Artinsk, account of, i29. • 

Gres de Carpathes, age of, 964. 

Gres de Fontainebleau, resemblance of the Ungulite grit to, 27. 
Gr^s de Vosges a portion of the Permian group, 903. 

, its elevation anterior to the deposit of the gres 

bigarre, 905. * 

Grey colour of the Russian Silurian rocks contrasted with the 
red colour of the Devonian series, 25*. 

Gritstones of middle carboniferous rocks of Rt^sia, 97. 
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Gritstonei of the northeni carboniferous districts of Russia 
subordinate to Gie carbontferous limestone, 105. 

' of Smeof near Tcbistopol, 161. 

Grits (caiboniferpus) oontaininff goniatites, 127. 

" ■ ■ ' ' * of Artin^, 129. 

containing whetstones, found near the 

mouth of the Ussa, 411. 

- 1 . - M „ ■ used for millstones, and carboniferous 

limestones of the Timan range, 414. 

■ " and conglomerates, near Orsk, 446. 

and conglomerates (Devonian) of Akri-tau on the eastern 

flank of the South Ural, 460. 

(Permian), calcareous and fossiliferous, occurring on the 

banks of the Ufa, 358. 

— (Jurassic), siliceous beds of, at Koroshovo (Moscow), 236. 

of Moscow, their geological position among the 

Jurassic rocks, 239. • 

(tertiary) of Kaltchedan8k|^366. 

■ ' ' of Verkhoturie, 395. 

Grobovo (Ural), crystalline lime8|pne at, 355. 

, road to the east of, 358. 

Grodno, tertiary beds in the neighbourhood of, 285. 
Gromatueba, Babka. &c., sections of lower Permian rocks near 
these rivers, 142. 

Grujefka or Grugefka (Donetz), anthracite of, 101. 

Griis (Kovno), grey Silurian limestone worked at, 34*. 

Gruskaya on the Yeskfho, coal at, 96. 

Gnizniishinsk (South l#ral), greenstone poiphyry of, 445. 
Gryphaa dilaiata characteiizes the Oxfordian beds of Russia, 
232 to 247. 

Guberlinski Hdls, plutonic rocks of, 447 ; Sketch of, 448, 954. 
Guiana, large boulders found in, 550. 

Gumes^efsk (Ural), copper ores of, 473. 

Gumiaya Hills, or Gounm^*a (South Ural), sketch of, 450, 654 ; 
carboniferous limestone of, 132. 

, Pcrmia!rt)ed8 from Verchni>Ozemaia to the, 

450. • 

Gutbier, Capt., liis account of coal-field and plants of Zwickau, 
199. • 

Gypsum (Devonian) of the central members of the Devonian 
system in the Valdai Hills, 44. 

at Dunhof in Courland, and elsewhere on 

the Duna, 51. 

, ■ ■■■, ■ of the river Sinara (Siberia), 422. 

(Permian) with limestone and copper deposits near 

Perm, 142. 

and alabaster near Sterlitaroak, 150. 

— - , concretionary masses of, with caverns, in the 
valley of the Ik, 156. 

, lofty fliffs of, at Bamiikova, 167. 

of the Pinega and Tinga, and its relations 

with the carboniferous limestone, 172. 

, splendid gorge of, on the Dwina, 173. 

occurring west of the Timan range, 412. 

(miocene tertiary) overlying the tertiary rocks on the 

Dniester in Podolia, 295. 

, bed of doubtful age (probably Devonian) at Bagariatsk 

on the east flank of the Ural, «3. 

Hall, Mr. J., his survey and palseozoic fossils of New York, 4*. 

, Sir James, his application of De Saussure^s views with 

regard to striated and polished rocks, 549. 

Hardwick, General, his eoll^ion of Nepaul fossils, 257. 
Harm^tet dutatu. See Syringopwa dittam. 

— ■ paraUeku of Fischer. ISee Syrtngopora paraUela. 
Heights marked in the Map, the authorities for and extent of 

accuracy of, 21. 

Helmersen, Colonel, obligations of the authon to. (See Preface.) 
— j , his observations with regard to the eleva- 

tion of the lower Silurian day, 3l. 

— — ^ , his acegunt of inflammable bituminous 

schist alteimting with fossiliferous SRuiian limestones on 
the river J Ambach, 84. * 


Helmersen, Colonel, his geological map. Preface, 245, 655. 

, his view of the igneous ori|^n of the mag- 
netic iron ore of Nijny Tagilsk and Blagodat, 371, 879. 

I , his account of the Ust Urt, Aral, &c., 825, 

652. 

— his illustrations of metamorphic action in 

the Ural, 402. 

, his discovery of palsozpic fossils east of 

Troitsk, 442. 

— - and M. Hofmann, their work on the South 

Ural referred to, 445. (Sec Preface.) 

Henslow, Prof., his memoir on the Isle of Anglesea, 898. 

Herbivorous cetacean, remains of, found at Taman, 302. 

Herodotus, his account of the Borysthenes (Dnieper) compared 
with the present condition of that river, 578. 

— , his account of the state of the Black Sea in his 

time, 574. 

Herschel, Sir John, his suggestion with regard to the cause of 
ice in certain caves, 187. 

Hesse Cassel, division of the Bunter Sandstein into two bands 
in, 202. 

Heulandite and stilbite, these minerals present in the basaltic 
rock of Tchaitzin-mis (Timan range), 415. 

Hiatus that exists in Russia between the palaeozoic and the 
Jurassic deposits, 256. 

Hills, of carboniferous limestone of a singular subconical shape, 
on the left bank of the Bielaya near Sterlitamak, 130. 

Himalaya Chain, fossils of, compared with those of the Jurassic 
rocks of Russia, 256. 

Hindoo Kush, this range formed the borders of a vast ancient 
Caspian, 298. 

Hindostan, imperfect state of our knowledge of the palasozoic 
rocks in, 6*. 

Hisinger, M., accuracy of his descriptions, 16*. 

, his correct description of the Gland and Gothland 

beds, 19. 

, his description of a Gothland coral now called 

TryplatnuZy 613. 

Hitchcock, Prof., his report on the geology of Massachussets, 5. 

Hochland, porphyritic island of, its production, 24*. 

Hofmann, Prof., his description of the Isle of Hochland referred 
to, 24* • 

, Ids identification of the beds near Kief with 

older tertiary deposits, 285. 

and M. Helmersen, their work on the South 

Ural referred to, 445. 

, his view of the dissemination of gold in rocks, 

483. 

Hollaberg (Sweden), alum-slate seen at, 15. 

Holoptycliius, remains of, at Kipet, 58. 

Homberg, Mount (Gothland), fossils found at, 18*. 

Hommaire de Hell, M., his account of the salt in the southern 
steppes of the Black and Caspian Seas, 197. 

, his investigations concerning the ter- 
tiary oolites of Kichenef in Bessarabia, 295. 

, his theory of the saltness of the Caspian 

considered, 308. 

, his observations on the level of the Cas- 
pian, 321. 

Hoplrins, Mr. W., his views concerning lines of disturbance ap- 
lied on the great scale to the northern frontier of Russia, 
4. 

his calculations concerning the force of waves of 

translation as a transporting power, 533. 

Horizontal position of the palseozoic rocks of Russia, 25. 

Silurian beds on the banks of the Is, an exception in 

the Ural mountains, 894. 

Uorizontality of most of the rocks in European Russia, 588. 

Hornblende interlaminated with limestone near Zlataust, 433. 

Hornblendic rocks, presence of, in the axis of the Ural on the 
^Serebrianka, 382. 

Humbleton Hill, near Sunderland, a Productus common in the 
magnesian limestone there, found also in Russia, 165. 
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Humboldt, Bir<m Akusder to&, (lee Preftoe,) hii eitimftte of 
the h^ht of Mount Bogdo, 195. 

' ■ " — t his determination of the prin. 

cipal fbrmi of the Ural Mountains, 338. 

" ' — , his remarks on the difficulty 

of determining the western commencement of the Ural, 
354. 

— , his conclusions with regard to 

gneiss and stratified granite, 435. 

— , his opinion of the age of the 

auriferous alluvia of the Ural, 473. 

^ his opinion that diamonds 

would be found in the Ural confirmed, 481. 

, his views of the rise of the Ural 

and Altai Mountains, 497. 

, his views on the ancient 

course of the Oxus, 677, 653. 

Hunneberg (Sweden), alum-slate seen at, 15. 

Hoot, M., his division of the tertiary rocks in the Grim8ea,d02. 
Hypothesis of the cause of the inversion of strata in the Ural, I 
463. (See also Appendix, 646.) 

— to explain the arrangement of the Scandinavian 
blocks, 528. 

Hysbifiol (Sweden), Silurian fossils from, 18*. 

Ice-caves, cause of the cold in, 187, 197. 

Ice, effect of, as a means of transport in modern times, 564, 565. 

, in forming ridges of gravel on the banks of lakes 

in Russia, 569. 

Icebergs, agency of, in depositing drift and transporting erratic 
blocks, 509, 521. 

considered with r 9 ference to their power in transport- 
ing drift, 528. 

of the Pacific referred to, 529. 

, their effect in grating and scratching the rocks over 

which they are forced, 533. 

, great probability of their ancient existence in Scandi- 
navia and L(mland, 537. 

, effect of, floating from Scandinavia, 554. 

Ice-floe, illustration of the melting of an ancient, 547- 
Ichthyolites of Russian Devonian strata, new and remarkable 
genera of, 33. 

— — , note concerning M. 

Agassiz’s researches and M. Eichwald’s memoir on this sub- 
ject, 39*. 

of the lower beds of 

the Volkof differ from those in the upper strata of the 
Valdai Hills on the Priutchka (Priksha), 44. 

on the eastern banks of 


Ijema or Ishma, Jurassic shales surmounting carboniferous 
rocks at, 415, 417. 

Ik, concretionary maases of gypsum (Permian) with caverns in 
the valley watered bv this river, 156. 

Ilek (Orenburg), fossiliferous siliceous grit of the Jurassic 
l^riod on the, 247. 

Iletsk (Arctic Ural), encrinital limestone on the, 408. 

, thick beds of carboniferous limestone on the, 409. 

Ilink (Tchussovaya), carboniferous limestone fossils at, 386. 
Hkenut perovalia of the Silurian system identical with 7. eras- 
aieauday 12. 

Illetzkaya-Zastchita (Orenburg), mass of mk salt and gypsum 
of the Permian age at, 145, 183, 184. 

■ - — " , freezing cavern at, 186. 

' ' — fossiliferous siliceous beds of the Jurassic 

period near, 247. 

Ilmen, Lake, the beds near,^hicfly Devonian, 41. 

, cliffs of, near Korpstino, contain Devonian fossils, 

44. 

— — , great thickness qf the inferior strata developed to 

the south of, 45. 

Ilmen Hills (Miask), extension of crystalline rocks to, 433. 

' ' ■■', granitiform ridges of, 435. 

Indersk, Lake, Jurassic rocks of, 193. 

, Mount, an isolated hill of red sand, marl, and lime- 
stone in the southern steppes, 192. 

, ice-caves said to exist there, 19(i*. 

India, analogy between the cotton soil of, and the Russian 
tchornozem, 563. a 

Indiga river, traverses the carboniferous limestone of the Ti- 
nian range, 415! 

Inferior oolite, absence of, between Prussia and Asia, 256. 
Infusoria, remains of, in the Jurassic grits of Moscow, 241. 
Inkino, on the Oka, section of Jurass^p rocks near, 233. 

, ironsand beds of, belong to the Moscow Jurassic series, 

242. 

Inoceranius griti {Avicula v. Buch, liodic) charactp;l^tic of the 
.rbrassic period in many parts of Russia, 237, 245. 
Intrusive rocks near Christiania, l^*'. 

in Sweden, 15 et aeq. 

along the North of Russia, 22*. 

of Hochland in the Gulf of Finland, 24*. 

throughout the Ural mountains, 337 to 470. 

— of the North Ural, all on the same line of crup- 
tion, 380 et aeq. 

Inversion of strata on the west flank of the North Ural, 38r>. 

on the east flank of the South Ural, 424, 

at several places west of Zlataust, 430, 4.*13, 

4r)6. 


Lake Onega near the mouth of thi' Andoma, 48. 

in Livonia, 51. 

on the Vol (Timan), 

414. 

~ — — associated with Devo- 

nian Mollusca, 30*, 43, 60, 63. 

, their value in distin- 
guishing those beds from the underlying ones, 64. 

, comparative scarcity in Russian carboniferous 

strata, 183. 

Ichthyosaurus, fragments of, found in the Jurassic strata of 
Simbirsk, 258. 

Identity of the Devonian fossil fishes of Russia with those of 
the old red of Scotland, 66. 

Igneous eruptions around the Donetz coal-field, 92. 

I. . -. 1 — disturbances, effect of on the former bottoms of the 
Caspian, 324. 

rocks of the Ural mountains, 337 to 470. 

and paJmozoic rocks of the Issetz, 363. 

- - rocks, peculiar appearance of in the Katchkanar, 392. 

. i-iii.-. origin of the jpanitiform rocks of the Ilmen Hills, 436. 

„ . 1 — rocks of the Guberlinski Hills, outline of 447. ) 

- and metamorphic rocks of the axis of the South Ural 
described, 454. 


, general \iew of, in the Ural, Alps, C^r., 46;L 

in North Wales, 470. 

Ireland, examples of striated rocks and drift in, 549. 

Ireniel or Eremel (highest jieak of South Ural), the geology ol, 
according to Col. Hclmersen and others, 421, 456. 
Irendyk (ridge of the South Ural), M. Rose’s account of one of 
its broken prolongations, 447. 

ridge, account of a section across, 450. 

, peaks of this mountain ridge, view of, 453, 654. 

Iron, concretions of argillaceous ore of, at the mines of Lissit- 
chia-Bulka, lOtb 

, the best ores of, obtained from the Ural, 110. 

worked on tlie cliffs of the Unja from the J urassic rocks, 234 . 

sands, containing Oxfordian fqssils, on the banks of the 

Oka, 242. M 

, flourishing works of, Hear the eruptive rocks of iMijm 

Serginsk (Ural), 356. 

, magnetic ores of, found at Nijny-Tagilsk (North Ural), 37f h 

, ores of, found at Bakolski (South Ural), 429. 

, chromate of, found in the South Ural, 438. 

Is, river (North Ural), Silurian fossils (Pentamerua near toV\ 
Knighiii) found on the banks pf, 394. 

Isabelnoi, fort of, on the Ilek, osseous remains, probably Saurian, 
found in a siliceous Jufassic grit at, 247. "N 
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Ishma or IJenit (Timtii), Jurassic shales sunnonnting carbonl- 
fiBrous rocks on the, 415, 417. 

Ithora (St. Petenborg), Ungulite grit (Silurian) at, 27*. 

, fine white (Silurian) sand of, 27*. 

— , DewmiJii beds on the, 32*. 

Isolated natohes, the character of the secondary rocks of Russia, 
229 . 

Issetz riTcr (east of Ekaterinburg), section and sketch of, 362. 

i.i.,. ^ fossil mamniftliftp bones found in the tributaries 

of, 494. 

Istok (Siberia), Silurian rocks on the banks of the, 364. 

Isvorin (Donetz), s^uence of carboniferous rocks at, 103. 
Isvosk on the Volkof, superposition of Lower Silurian limestone 
to bituminous schist, 

Itacolumite, presence of, at Verchny Barantchinsk (North Ural), 
381. 

, schist resembling this gock, probable matrix of the 

diamonds in the Ural, 481^ 

Itshalki, fossiliferous Permian limestones at, 165, 166. 

Iranitzki, Capt., his memoirs an and geological map of the 
country of the Donetz, 92, 99, 102, 104, 115. 

Ivanofka (Donetz), carboniferous limestone of, 99. 

Ivanofsk (Orel), sandy beds containing fishes found there, 57. 
Izium on the Donetz, Jurassic rocks discovered by Mi^or 
Blbde near, 249. 

, important Jurassic and cretaceous section at, 252. 

, section showifig cretaceous series at, 267. 

• 

Jabrim (Yabrim) near Bi^ef, Devonian rocks and fossils of, 58. 
Jasikoff, M. (Yasikofif), his collection of the cretaceous fossils of 
and sections near Simbirsk, 273. * 

, his list of eocene tertiary fossils near Simbirsk, 287. 

, his account of the ancient northern extension of 

the Caspian, 324. , 

Jasper, schists converted into, 445, 454. 

Jaspers on the east fianPof the South Ural, 438. 

- — at^Rieobrajenski-gora, Orsk, 446. • 

Jeive (Yeiva), thickness of the *pleia* limestone at, 33*.^ 
Jelatma or Yelatma, white (garboniferous) limestone of Kasimof 
extends to, 84. 

, sections of Jurassic rocks on the Oka near, 233. 

— , ironsand of Unja near this place belong to the age of 
the siliceous (Jurassic) grits near Moscow, 242. 

beds at thus place the lowest of the Jurassic series in 

Russia, 255. 

■» ■■ erratic blocks extend to, 519. 

Jeleniena, near Lichvin, bands of coal at, 77. 

Jeleznoe {Geletnaia Fr,), coal mines of, 105. 

Jendovistie (Yendovistie), on the Veduga, strata containing De- 
vonian fossils at, 6 i( 

Jevitze, south of Warsaw, Jurassic sandstones of, 242. 

Jezem (Yezem), Tiroan, Silurian rocks at, 408. 

Jointed structure of lower Silurian rocks of Esthonia, 33*. 

of the granitiformmassesof the llmenhiU8,435. 

Jomavoi Kamen, fossiliferous siliceous grit in the ridge of, 247. 
Junction of Azoic and Silurian, 16 et teg. 

- of Silurian and Devonian^ 13, 30* et »eq, 

of Devonian and carboni^us, 46, 48, 128, 387, 460. 

of carboniferous and Permian, 146, 150, 159, 172, 174. 

and Jurassic, 232, 235. 

of Jurassic and cretaceous, 246, 252, 267. 

of cretaceous and tertiary, 275, 276, &c. 

of miocene vrith freshwater, 296, 502. 

0 with Aralo-Caspian, 296 to 326. 

of Permian with Pleistodhne, 3^. 

of mica schist with granite at Syrostan, 434. 

Jurassic shale reposing conformably on the red marls at Krasnoe 
Pojeni, near Pies, on the Vol^ 179. 

Jiuusic or oolitic series of^ssia, its extent, 8 . 

Ji&ssic rocks, Russian, covering red marls on the banks of the 
Volga, 178. 

snc&ed the carboniferous limestone at 

Moscow Jelatma (Yelatmd), 81, 84, 235. 


Jurassic rocks, Russian, general account of, 229 et eeg, 

' ■ ' ” ■■■ ■■ " ■ , uniformity of character in different part 

of Russia, 280. 

■' ■ , description of, by Count von Keyseiiing 

in the Petchora country, kiO. 

-■ ' - , account of the basin of the middle Volga 

■ , account of the basin of the Oka, 233. 

, in the neighbourhood of Moscow 

235. 


, section at Sparrow Hill, Moscow, 287. 

, fossils of, from Koroshovo (Moscow), 

results of their examination, 238. 

, ferruginous sand and grit of, 238. 

, great basin of, on the Lower Volga, 243. 

— » limits and lithological character of, in 

the basin of the Lower Volga, 244. 

^ Inocerarous (utvieula, hodie) limestone 

of, at Simbirsk, 245. (See Table in Plate Vi.) 

- — , section of, at Ooroditche on the Volga, 

246. 

■■ „ , n — , , ^ black shale of, near Sysran, 246. 

— ' - ' ' , eastern tract of, 247. 

— ' , fossils of, from Orenburg, identified by 

M. von Buch, 247. 

— ' , south of Orenburg, 248. 

, upper group of, in Southern Russia, 


the Donetz, 250. 


aeg. 

from India, 257. 
406. 


-, upper limestones of, at Sviatagora on 

-, of Kamenka on the Donetz, 250. 

-, of Izium oi\,the Donetz, 251. 

', European equivalents of, 253. 

•, general conclusions concerning, 253 et 

•, their fossils compared with specimens 

-, on the eastern flank of the arctic Ural, 


, between the arctic Ural and the Timan 

range, 417. 


, the ^chomozem or black earth in part 

derived from the destruction of the black shale of this se- 
ries, 562. 


, general account of the condition of this 

group in Russia, 582. 

Juriavetz (Yuriavetz), superposition of Jurassic beds on the 
older rocks at, 232. 

, erratic blocks of quartz rock found at, 520. 


Kadinskoi, east of Ekaterinburg, Devonian limestone at, 363. 

Kahorl (Prussia), large boulders found at, 523. 

Kakva (North Ural), palmozoic deposits on the, 396. 

, metamorphic rocks observed in the descent of the river. 

400. 

upper Silurian and Devonian fossils from, 613. 

Kalapi-jmUst, south of St. Petersburg, Devonian limestones in 
ancient quarries near, 42. 

Kaletzkaya, on the Dwina, cliflfs of (Permian) gypsum at, 173, 

Kalitva (Don), sections showing cretaceous rocks on the banks 
of the, 270. 

Kalmiuss and Voltchia, stratified crystalline rocks of the, 91. 

, result of examining sections on the bank of, 92. 

, ascending series of carboniferous rocks at, 95 . 

, but little coal exists in the carboniferous strata to the 

south-east of, 117. 

Kalmucks, steppe of the, composed of sands, 319. 

Kalino, east of Perm, beds of coal near, 126. 

Kaltchedansk, east of Ekaterinburg, tertiary millstone of, 366. 

, account of section from Ekaterinburg to, 362. 

K|lu, palaeozoic limestone of doubtful age on the western slone 
01 the South Ural, 459. 

Kaluga and Tula, lower (carboniferous) limestone of, 79. 
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Kama, section of Permian strata near the mouth of the, 166. 

Kamarinof (^^litof), Jurassic beds seen at the villas of, 244. 

Kamenetz, on the Dniester, Silurian formation of, do*. 

Kamenibor (Petrozarodsk), block ridges on the hill of, 667. 

Kamenka on the Donetz, Jurassic rocks of, 250. 

Kamenko, sources of the fossiliferous Jurassic siliceous grits of 
the, 247. 

Kamensk (Siberia), a new genus of corals from, 622. 

, zarod of, 365. 

Kamenskaya (Donetz), white chalk at, 266. 

Kamischine (Volga), tertiary fossils found at, 275. 

— ♦ section of tertiary and cretaceous rocks at, 276. 

Kamiusch Burun (Crimaea), cliffs of, referred to the Aralo-Cas- 
pian series, 801. 

, beds of, belong to the steppe limestone, 303. 

Kanevsk (Ural), granitic flagstones near, 423. 

Kanin.nos, argillaceous and micaceous schists of the peninsula 
of, 413. 

Kara-Edir-tau and Djabyk Karagai, a low granitic chain east of 
and parallel to the Ural, 444. 

Karagaisk (Ural) granite and syenite, 443. 

Karakuha, the southern limit of the carboniferous region of 
the Donetz, 89. 

, dykes of crystalUne rock at many places to the south 

of, 91. 

— , the red beds of, form the base of the carboniferous 

series, 04. 

Karan and Laaspe (north of Mariopol), red porphyry near, 92. 

Kargala (Orenburg), association of fossil vegetable remains (Per- 
mian) with copper ore at the mines of, 154. 

— I.. sauroid remains from, belonging to Thecodont sau- 

rians, 155. ’ 

, siliceous beds at, containing Jurassic fossils, 247. 

Kargalinsk, copper mines of, 148. 

river, one of the limits of the carboniferous region 

of the Donetz, 89. 

Kargapol, the carboniferous limestone exposed in flat tracts 
near, 73. 

Karliiiski (Orenburg), sauroid remains discovered at, 154. 

Karpinski, Capt., his account of the rocks on the Tchussovaya, 
359 ; his geological map around Bogoslofsk, 396. 

Kashirov, on the Oka, remarkable 'Section of the white lime- 
stone of the carboniferous series at, 82. 

— , fossils of the carboniferous white limestone at, 82. 

Kashpoor, on the Volga, Jurassic bituminous schists of, 245. 

, black Jurassic shale of, 246. 

, range of the chalk to, 274. 

Kasimof, ancient Tartar town, outcrop of limestone at, 84. 

— — , extension of the central member of the carboniferous 
limestone beyond, 83. 

Kaslinsk (Ural), zavod of, 424. 

Katchkanar, a remarkable peak of the North Ural, and sketch 
of, 391. 

— j magnetic iron ore and platinum alluvia of the, 393. 

Katchu-kova (South Ural), fossiliferous Silurian limestones of, 


457. 

Kaup, M., his work on fossil mammalia, 282. 

Kazan, Permian rocks exhibited at, 156. 

, account of the geology of the district between this place 
and Perm, 160. 

, description of the rocks (Permian) around the city of, 

161. ^ . 

— — , white Permian limestone on the Volga near the city 
of, 162. 

— interesting section of Permian rocks near, 164. 

Kazatchi- or Cossatcbi-datchi, account of, 488 et aey. 

Keilhau, M., his investigations in Scandinavian geology, 10*, 12*. 

— , his observations on PholadH^ 642. 

Kelloways rock, fossils of this bed foui^ in the clilh on the 
banks of the Oka, 234. . I 

- how represented in the Russian senes, 255. / 

Kerist river (St. Petersburg), lower members of Devonian sy- 
stem visible in its witer-eonrte, 42. 


I 


Kerza, on the Volga, white chalk seen at, 274. 

Kertch limestones referred to the Aralo-Caspian scries, 301. 
Keyserling, Count von (see Preface, pasthn), hit discovery of 
fossils in the Devonian beds near St. Petersburg, 32*. 

^ his expedition to the Petchora country, 

211,340. 

, his account of the Jurassic deposits in 

arctic Russia, 230. 

, his views concerning the raised sea bottoms 

of the Petchora, 332. 

, his description of the arctic Ural, 406. 

'iAman range, 412. 

, ])i8 investigation of the Kirghis Steppe and 

Mount Bogdo, 422. 

Khanikoff, M., his opinion concerning the true level of the sea 
of Aral, 326. 

, his statemenl^ with regard to the deflection of 

the stream of the Tanghi-Dtria, 577. 

Khanikoff, M. J., his important geographical assistance to the 
authors, 661. ^ > 

Kharkof, importance of that city in influencing the future 
working of the coal-seams of Petrofskaya, &c., 116. 

, exhibition of peculiar cretaceous rocks at, 267. 

Khivah, the ancient Caspian extended over the district around 
it, 297. 

, the steppe limestone extends to tlys district, 309. 

— — , the district watered artificially by the river Oxus, 578. 
Khvalinsk, on the Volga, Jurassic shale at, 245. 

, Jurassic shales capped by Cetaceous rocks at, 246. 

Kianda river between, Onega and Archangel, presence of old 
red sandstone at, 49. 

Kicheiief in Bessarabia, niiocene tertiarics at, 296. 

Kidash (Bielehei), Permian strata on the hanks of the, 152. 

, series of Permian rocks near, 164. 

Kidysh, east of the Ural, palasozoic limejtQnes of, 443. 

Kief, extension of eocene tertiary beds to, 283. . 

, stg)posed teft-iary beds at, 285. ^ 

Kielce in Poland, Devonian limestones at, 39. * 

, Jurassic sandstonel between it and Warsaw, 

241. 

, tertiary deposits near, 283. 

, imlecozoic rocks not covered with northern 

boulders at, 526. 

Kiesel-thon of Kharkof, 268. 

Kiga (west of the Ural), grits on the, 431. 

Ki-Ostrof, in the Bay of Onega, crystalline rocks, 22. 

, resemblance of this island to the ^^skars" of Sweden, 

518. 

Kind (Samara), copper ores anciently extracted from the, 168. 
Kineshma, on the Volga, succession of Jurassic rocks between 
this place and Pics, 233. 

King, Mr., on the fossils of the magnesian limestone, 206, 224. 
Kinish, or Kumuish (Tchussovaya), Devonian rocks at, 387. 
KinnekuUo (Sweden), relations of the crystalline rocks and Silu- 
rian strata at, 15. 

Kinofsk (Tchussovaya), contact of Devonian with carboniferous 
rocks at, 125. > 

Kinovski zavod (Tchussovaya), Devonian limestones at, 385. 
Kipet, near Biclef, calcareous flagstones (Devonian) charged 
with fishes at, 68. 

Kirchholm (Livonia), Devonian strata at the castle of, 50, 61. 
Kirghis frontier, geology of, by Col. Helmersen, 444. 

— — , steppe of, south of Orenburg {Permian strata), 183. 

, east of the Ura|^ each ridge in it a miniatur.»of 

those mountains, 443. 

Kirgbishansk, east of Kongur, grits and conglomerates east of, 

355 . 

Kirilof, carboniferous limestone extends near to, 74. 

, section across the calfsareous aone of Permian rocks at» 

176. 

Kishtymsk (South Ural), zavod of, 424. 

KisUvodsk (Caucasus), mine^ springs and chara^erUtic Nco- 
eomiin foitili found at, 260. 

• 4 T ' 
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KizUd£ (South Ural), carbonifdroua limestone between Syr- 
tinskaya and this place, 445. 

Kleine Pungam (Esthonia), beds overlying the pleta (Silu- 
rian) lim^tone at, 34*. 

Klenoftk, goo^view of the Ural mountains from, 355. 

Klevlina, Mtween fiugulma and Samara, Permian Lingutm^ 157. 
Klin (Moscow), fossils of Jurassic siliceous grit of, 24M). 
Klinofskaya Gora, W. of Ural, upper carboniferous beds at, 355. 
Kloden, M., lus work on the fossils of the March of Branden- 
burg referred to, 544. 

Klutchefski near Bielebei, association of fossil vegetable re- 
mains with copper ore at, 154. 

■' ■■ ■ , discovery of sauroid remains in the Permian con- 

glomerate at the mine of, 155. 

Kniaspavlova, near Itshalki, fossiliferous (Permian) beds of gyp- 
sum and limestone of, 167. 

Kokenhusen (Livonia), vertical l^vonian beds containing ich- 
thyolites, in the neighboiyhood of the castle of, 51. 
Koksbarof, Lieut., his travels with the authors {Prrface and 
j)(U9im)f his list of rainerds of the Ural mountains, 640. 
See Pec ten Kokcharoji (vm. iT.), 682. 

Kolomna, white and magnesian (carboniferous) limestone at, 83. 

, position of the white carlmniferous limestone of this 

place in the general sequence, 83. 

, fossil localities between Jelatma and this place, 334. 

Kolomniskaya, near Moscow, Jurassic fossils found at, 334. 

Kolp river, the cardoniferous limestone exposed on the banks 
of, 73. • 

Kongur, millstone grit (farboniferous) to the east of, 138. 

, sequence of Permian roeks at, 143. 

, gypsiferous nature of the Permian rocks at, 353. 

Kuppen and Baer, MM., their observations on the supply of 
water to the Volga, 578. 

Korinitza (Poland), shq^ls found in the tertiary deposits at this 
place, 293. 

Korishevo ( Archangel^, ledges of carboniferous limestone at, 76. 
Korosh<m'.( Moscow), shaly beds of the JiAassic period exhi- 
bited at, 336, 338. ^ 

Koroskaya (Moscow), Juftssic fossils found at, 334. 

Korostino on the Lake Ilmen, Devonian lieds at, 44. 

Kosrof to Velicovo, low ridge exhibiting the sequence of the 
carlmniferous strata, 85. 

Kossatur (South Ural), mica schist with garnets at, 433. 
Kostroma, red marls (Permian) seen in descending the Volga 
from this place to Nijni Novgorod, 179. 

— ■ — , ammonite beds at, 230. 

Kovno, Pentamerus band in the government of, 34*. 

Kraka hills (South Ural), Silurian limestones of, 457. 
Krasnoborsk (Volog^), sections of red marl (Permian) exhi- 
bited in the ravides near, 176. 

Krasno Ufimsk, carboniferous limestone at, 353. 

Krasnoe Pojeni, on the Volga, variegated marls covered by Ju- 
rassic shales near, 178. 

Krasnoi-^ra, on the Issetz, porphyries of, 366. 

Krasnoi-Kut (Donetz), beds of coal at, 101. 

Kremenetz, highest ground of Western Russia near to, 21. 

, tertiary beds betwee^ this place and Grodno, 385. 

Krinka and filinss, sections of carboniferous region watered by 
these rivers, 99. 

, extent of the chalk near these rivers, 366. 

Krisolova, near Perm, series of gypseous rocks at, 143. 
Krivoi-Toretz (Donetz), section of carboniferous system at, 104. 
Kmsenstem, Lieut., Mil survey of the Timan range and Pet- 
^ cbora country. Preface, 311, 340, 667. 

Kumuish, or Kinish (Tchussovdya), beds at, 387. 
Knndrintcbeskaya (Donetz), seams of coal at, 103. 

Kundrofka (Orenburg), section of the carboniferous series near, 
133. 

Kundurstsha (opposite ^mbirsl^, northern limit of the ancient 
^ Caspian extends to the, 335. 

Kupfer-schiefer, Hs Infe^ importance as compared with the 
Russian equivalents of the same bed, 138. 

Kunlg calofeoai strau leen oll^^>proacMng, 369. 


Kursk, cretaceoni section at, 36. 

Kurtze and Germar, MM., their list of the fossils of the kupfer- 
schiefer of Mansfeld, 315. 

Kushvinsk (North Ural), eruptive rocks and magnetic iron near, 


, sedimentary strata of, 380. 

. sketch of the geological structure of the environs 

of, 378. 

Kusomenskaya, on the Pinega, gypsum (Permian) at, 173. 
Kussinsk, near Zlataust, limestone of, probably upper Silurian, 
438. 


, zavod of, 433. 

Kuteinikof (Donetz), 'coal found at, 99. 

Kutorga, M., his work on Russian Palaeontology, 8. 

Kutorga, Prof., his reference of the Permian plants to the car- 
boniferous period, 138. 

Kuvashi (South Ural), limestone of, subsidiary to the metamor- 
phic ridges of Zlataiist, 428. 

— — , metaroorpbic rocks in the neighbourhood of, 432. 
Kwalynsk, on the Volga, true chalk at, 274. 


Laaspe and Karan, north of Mariopol, red porphyry near, 92. 

La Baume, near Geneva, freezing grotto of, the circumstances 
explained by M. Pictet, 197. 

Lacustrine formation of the auriferous and mammiferous detri- 
tus of the Ural, 493. 

Ladoga Lake, absence of drifts and erratic blocks near, 513. 

Lais (North Ural), Pentamerus limestone at, 376. 

Laminated structure of granite at Stepnaya (east of the Ural), 
443. 

Land, ancient, its position in Siberia during the deposit of the 
erratic blocks and other drift«522. 

Lapland, coincidence of the Timan range with the crystalline 
rocks of, 413. 

, Russian, conformability of the Timan range with, 413. 

and Scandinavia, great probability of the former ex- 
istence of icebergs there, 537. 

, modem glacio-fluviatilc action in, 567. 

Lappish frontier, diRiculty of examining the rocks on the, 23*. 

Larionofskaya, on the Dwina, red marls (Pemiian) at, 176. 

Lava (St. Petersliurg), Ungulites mixed with other Silurian 
fossils iu the sandstoi^ on this river, 28. 

Leba (North Ural), Pentamerus limestone, probablv Devonian, 
at, 376. 

Lebedian, on the Don, Devonian rocks at, 61. 

Leber-thon, a red argillaceous shale of the Permian scries, 153. 

Ledges or ridges of blocks on the banks of lakes in Russia pro- 
duced by the action of ice, 567. 

Lela Istoschinsk (North Ural), metamorphism of a fossiliferous 
limestone at, 375. 

Lena, complete carcasses of large mammals found on the banks 
of, 496. 

and Yenisei, drift and mammoths* bones conveyed by these 

rivers, 498. 

Lepatinsk, on the Don, range of the steppe limestone to, 300. 

Le Play, M., his map of and work on the Donetz carboniferous 
region, 120 ; his account of the igneous origin of the mag- 
netic iron (){ N^ny Tagilsk, 376 ; and other places in the 
Ural mountains, 376, 380. 

, his opinion of the origin of auriferous and plati- 

niferouB alluvia, 484. 

Lept(Fna earcinutata supposed to he identical with Leptmna lata, 
133. 

• lata {Choneten aarcmulata)f its vride range, andiiti 

presence in the carboniferous rocks of Russia, 207. 

Leuchtenhorg, H. I, H. the Duke of, fossils described by, 29. 

Level of the Caspian, calculations to determine the, 321. 

- diagram showing its relation to the level 

of the lakes of Moot and Aral and the Mediterranean, 311. 

Level, changes of, pepbahly accompanied the distribution of 
icebergs with himlders, 529. 

Lhwyd, his figure and description of the genus i^^Aof^ro^tofi,619. 

Lias, absence of, in Russia, the Crimiea and Caucasus, 330, 349. 
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IiiaSy absence of, between Prussia and the frontiers of Asia, ] 
266. 

Lichvin, Devonian fossils showing an approach to carboniferous 
types found near, 68. 

, limestones of, the uppermost of the Devonian series, 69. 

— — , the central carboniferous basin of Russia extends to 
this place, 77. 

Lignite, beds of, in the Jurassic series of the valley of the Volga, 

246. 

Limestones (Silurian) in Norway and Sweden, 12*, 15*, 17. 

of Gothland (Upper), 18*. 

of St. l*etersl)urg (lower), called ‘pleta,' or 

Orthoceratite limestone, 28*. 

of the Isles of Oesel and Dago (Baltic), 35. 

east of Ekaterinburg (Ural), 365. 

— at Nijuy Tagilsk (North Ural), 370, 376. 

at Serebriansk (ditto), 382. 

on the river Is (ditto), 394. 

at Bogoslofsk, &c. (ditto), 396. 

beyond Petropavlosk (ditto), 402. 

on the Yegra-laga (Arctic Ural), 408. 

in the Timan range, 413, 418. 

west of Zlataust (South Ural), 429. 

west of Bieloretz (South Ural), 456. 

(Devonian) south of Czarskoe-celo, Tchudova, Ka- 

lapi'Polist, on the river Volkof, at Korostino on Lake Il- 
men, on the Belaia and Priksha (Valdai), &c., 32*, 42 to 45. 

on the Diina (Livonia), 51. 

, central dome of (chiefly magnesian), at 

Orel, Voroueje, Mlzensk, Biclef, &c., 53 to 62. 

on the cast flank of the North Ural, 364, 

368, 380, 397. 

■I .■ on the west flank of the North Ural, 384 

et seq.^ 390. 

on the west flank of the South Ural, 458 

et eeq. 

(Devonian and carboniferous) occurring between 

Kinovsk and Oslanskoi-Pristan on the Tchussovaya, 386. 

.. - (carboniferous) of the Valdai Hills, 71, 72. 

... of Vitegra, Cargopol, Archangel, Pi- 

nega, &c., 73 to 77. 

, great ce’jtral or Moscow basin of, 77 

to 84. 

— , lower beds of, at Tula and Kaluga, 79. 

. . of the southern region of Don Cos- 

sacks (Donetz), 94 to 123. 

associated with much coal at Lissit- 

chia-Balka (Donetz), 110. 

— — found on both flanks of the Ural 

mountains, 125, 130, 132, 357, 363, 376, 886, 423, 430, 
439,444,449,451,460. 

, fossiliferous beds of, elevated into a 

singular outlier near Sterlitamak, 131. 

of tlie arctic Ural, 409. 

. and millstone grit occupying part of 

the Timan range, 414. , , , 

- - — — . — — — , rich fossiliferous beds of, at Cossat- 

chi-Datchi (South Ural), 439. 

beds of, occurring near Urtazimsk, 

and between Syrtinskaya and Kizilsk (South Ural), 445. 

■■ ■ — occurring on the flanks of the Akri- 

tau (South Ural), 460. 

■■■. (Permian), lower beds of this series, 142. 

IP .... , section of, in the governments of Oren- 

burg, Kazan, Nyni, Perm, Novogorod, Vologda, and Arch- 
angel, 146, 148, 162, 166, 156, 168, 162, 166, 173, 178, 
182, 183. 

I— — , beds of this group, containing Produciugf 

overlaid by tufaceous atrata, 153. 

- , beds of, overlying gypseous concretionay 

masses in the valley of the Ik, 156. f 

^ concretionary mass of| at Christof on the 

Volga, 179. 


Limestones (Permian), tufaceous beds of, between Sviask and 
Tebeboksar on the Volga, 180. 

■ of Dogdo and the steppe of Astrakhan , 1 96. 

, black beds containing flriics, in Silesia, 

200. 

beds of, on the Ukhta and Vitchegda 

(Timan), 412. 

(palaeozoic, of doubtful age), masses of, cast of 

Troitsk (Kirghis Steppes), 442. 

--- — , beds of, at Kidysb, 

east flank of South Ural, 443. 

(metamorphosed palaeozoic), Holociated with the 

magnetic iron ore of Blagodat, 379. 

— , fossiliferous beds of, 

between two eruptive ridges on the Miass, 426. 

sandy beds of, 

near the Tchomaya (Z^taust), the laminae being trails- 
fused with hornblende, 433, 

gold diffused 

through, in the beds soutl^of Miask, 488. 

(Jurassic), in uotfCles only in Northern and Central 

Russia, 230, 246. 

— , upper beds of, on the Donetz, 251. 

, , beds occurring on the Donetz and at 

Cracow compared with those of the coral rag and calc grit 
of England, ^53. ^ 

(tertiary miocene), 294 et seq. 

(tertiary), steppe limestone it Odessa and on the 

shores of the Black Sea and 8i% of Azof referred to the 
Aralo-Caspian period. 301. 

, metamorptiisiu of, 401. 

Limulm, the first appearance (in ascending order) of tliis gpnus 
in the Permian rocks, 212. 

Lissenko, Major, the assistance given ,by him to the authors, 
427, 433, 488 ; and description of lithograph facing page 
437, 654. • 

Lissitchia-Balka, imperial coal-works at, 109, # * 

£ , thickness of the workable seams^of coal at, 

112. * 

, succession of strata between this place and 

Bachmuth, 114. 

, importance of boring to determine the value 

ui the carboniferous rocks east and west of, 119. 

- ^ chalk near the coal-mines of, 266. 

List, tubular, of the fossils of the Penuian system in Europe, 
221. 

— of tertiary fossils from Butschak on the Dnieper, 286. 

of fossil shells (tertiary) found at Korinitza in Poland, 292. 

— of Caspian shells, fossil and recent, 806. 

— of tertiary shells found upon the Dwflia and at U8t-Vaga,329. 
Listvanite, peculiar mineral substance from near Miask, 435. 
Listvenaya-gora (Miask), metaraorphic rocks with gold at, 435. 
Lithodendrony generic characters of, 697 ; points in which it 

differs from nearly-allied genera, 598. 

amndatum, Lonsdale, description of, 598. 

— ctmeameraiumy Lons^le, description of, 598. 

eoitaiumy Lonpjlale, description of, 598. 

faeciculatumf Phillips, description of Russian spe- 
cimens, 600. 

Lithographic sketches in this volume desmbed, 054. 
Lithological character of the old rocks in Russia, 26, 684, « 

- structure of the central ^one of Devonian rocks in 
European Russia, 54. , 

character of the Jfurassic rocks of Russia, 244. 

of the cretaceous rocks of Russia, 265 et 

Lithost^tiony characters of the genus, m. 

■ — emarciatum, dMcriptiow of Russian specimen, Wjp. 

— , comparison of, with L.JIhr\forme,6ui, 

— mammiUare (Attruea vfammiUam of Fischer), de. 

s scription T.r.n]lditle. description ot?607.* 
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Fleming, description of RniiiAn sped* 

oompared with the proposed sub-genus Cgnmia, 

090, 

livonia, triangllttion and surrey of, by Struve, FI, 657. 

, Devonian rocks of, 60. 

Lobva (North Ural), palaeozoic limestone near the, 396. 

Local drift, how mixed with northern in Russia, 25*, 511, 520 
e/ ief. 

Local ori^n exclusively of the Uralian drift, 476, 627. 
Longitude, great chan^ of blocks in changing the meridian of, 
523. • 

Lonsdale, Mr. W., his suggestion with regard to the corals of the 
Devonian ro^s, 1*. 

, his account of the palaeozoic corals of Russia, 

591 e/ 

— — , his determinationsDf the corals of the Permian 

system, 206. ^ 

Loss, its relation to the tcbomozem or black earth of Russia, 561. 
Loven, Prof., his services rendered to the authors, 15 ; his ob- 
servations on deep sea shells, 552 ; his determination of 
the carboniferous limestone at Spitzbergen, 582. 

Low steppe of the Caucasus, 319. 

Lower greensand (Neocomian),development of, in different parts 
of Europe, 260. 

, its presence in Russia, Crimaea, &c., 279, 280. 

Lower new red saiftlstone, resemblance of the Permian sands 
and marls to, 1?C, 202, 

a * ■ of England, its rocks form part 
of the Permian system, 202, 204. 

Lower Volga, cretaceous and tertiary rocks of, 273,275, 277. 
Lublino, white carboniferons limestone of Moscow at, 83. 
Ludlow rocks, psammite of Akri-tau resembles, 460. 

Lugan, foundries of, supplied with coal from the mines of Us- 
pensk and Lissitchia-Balka, 107, 109. 

, no upper Jur&ftc rocks at, 249. 

, blripgs through the white chalk at, 266. 

Lugnos (Sfw^en), section at, exhibiting the lowest Silurian 
strata overlying and d^ved from the Azoic rocks, 16. 
Lttkovka (North Ural), greenstone protruded at, 382. 

Lutsk, older tcrtiaries on the Styr near. 285. 

Lydian stone in the carboniferous district of the arctic Ural, 410. 

at Kuvaslii (South Ural), 432. 

Lyell, Mr., his work on North America alluded to, 5. 

, his observations on Uddevallaand other parts of 

Sweden, 328, 546. 

, hii views of the habitation and entombment of the 

Siberian mammoths, 496. 

" '■■■■ , his view of the agency of icebergs in producing drift, 

509, 538. • 

Machnufka (Poland), miocene deposits at, 294. 

Macintosh, .Mr., his memoir on the supposed evidence of glaciers 
in North Wales, 556. 

Maclaren, Mr Charles, his observations on groovings of rocks, 
549. 

Magdalenski mine, near Bogoslo|^k, the old prodooe of, 477. 
Magnesian limestone (Devonian) at Orel, &c., 55 et seg. 

— (carboniferous) on the Stolobna rivulet, 

(Valdai), 72. 

— at the hue of the car- 
boniferous group near Vitegra, 75. 

« - >attheqittniai^ Miatch- 

^ova (Moscow), 81 ; at Kolomna, 83. >> 

character of carbonifIriHU limestone at Kizilsk, 445. 

limestone, the name wholly unfitted to characterue 

the Permian system, 139. 

- ' ■ (Permian), lone of, bdonginc to this 

system on the west dank of ^ Uril mountains, 147. 

* , between Bugulma and Sa- 

mara and at Seigieftl^ 157. 

■' - , section at the Tais^offiiki 

u«)d(Kiuii),160. * 


MagnesUn limeitone (Permian), at Tetdova west of Arzamas, 
164. 

' ■ " ■ , true position as a member of 

the great palseozoic series asserted, 202. 

Magnesite the Guberlinski hills, 448. 

Magnetic iron, crystals of, west of the Ural and at Ekaterin- 
burg, 360,361. 

in masses at Nijny Tagilsk, 870. 

with porphyry at Magnitnaya, 445. 

— — ore, M. le Play’s remarks on the origin of, 880. 

of Nyny Tagilsk, its igneous origin shown, 


877. 


largely extracted from the hill of Blagodat 

(North Ural), 378. ^ 

- of Blagodat shown by Helmersen to be erup- 


tive, 379. 


• of the Katchkanar, 898. 


Magnets, natural, very powerful ones found in the Katchkanar 
[^ak (North Ural), 392. 

Magnitnaya (South U^), magnetic iron associated with por- 
phyry, at this place, 445. 

Makarief, on the Unja, red marls (Permian) appearing at, 178. 

, shales (Jurassic) occurring at, 233. 

Makarofka, Mount (South Ural), mineral composition of, 429. 
Malachite, a cupriferous stalagmite, 374. 

• found rarely in the copper grits of the Permian series, 


144. 


-, occurs in a great mass at Nyny Tagilsk, 373. 


Malayoraslovetz, Avicula aniiqua found in the carboniferous 
rocks at, 209. 

Malmadisb, east of Kazan, flaggy limestones subordinate to the 
red rocks of the Permian series, 160. 

Malmish, east of Kazan, red marl and pebbly rock (Permian) at, 
160. 

Malmoe Oen and Malmoe Kalv (Christiania), Silurian fossils in, 

12 *. 

Malton oolite, its identity with the Jurassic white limestone of 
Cracow and the Douetz, 253. 

Mammoth, habitation and destruction of the, in Siberia, 492. 

, the former existence of this animtd in northern Eu- 
rope in a cold climate, 495. 

, food of this aniipal (see Owen), 497. 

-, bones of, associated with gold in the Berezof rivulet 


near Ekaterinburg, 478. 

-, in the gold detritus of Peshanka (North 


Ural), 482. 


-, associated with auriferous alluvia at Sui- 


manofsk (South Ural), and south of Miask, 488, 491. 

superstitious feelings of the Bashkirs and 


Samoyedes regarding, 491. 

-, probably drifted to some of the northern- 


most points of Siberia, 497, 498. 

, drift containing, at Taganrog, 502. 


Momniskaya (Issetz), flagstones and schaalsteins of, 363. 

Man, changes effect^ by him in the course of the river Oius, 
577 ; in diminishing other streams, 578. 

Mantell, Dr., names a Jurassic ichtbyolite of Russia Gyrodut 
MurcAisoni, 240 ; his opinion on Jurassic plants, 241. 
Mantrica (Kalminsi), fossils of the carboniferous limestone at, 
96. 

Mi^s, geological. See Strangwayi, Helmersen, Ennan, Ivauitski, 
Le Play, Olivieri, Karpinski, Liisenko, itc, 

of the sea of And, corrections in the outline of, 327. 

— of Russia and the Ural mountains (Plate VI. and VII.). 
For authorities consulted by the authors, see Pr^aee, 348, 
and description of plates, ^5. 

of the Ural mountains, reference to, and to the coloured 

sections of, 348 e/ »eq. 

Marble, crystalline, of Kushvinsk, 381. 

— , enorinital, at Syrostan (South Ural), with eruptive 
rocks, 434. 

granular, with the granite of the steppes of the Ui, 
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Marchinsk, on tht Kilminw, lection from Kirakubn through 
the carboniferoiu series to this place, 98. 

Maria canal, near Vitegra, fossiliferous beds of carboniferous 
limestone near, 75. 

Marina, south of Ctarskoe^selo, marlstone cliffii of Deronian age 

Marine origin of the Russian coal-measures of the Donetz, 112. 
■ ” ■■■ ■- beu of newer miocene period covered by the brackish 
and freshwater steppe limestone, 296. 

remains found in the drift of Northern Siberia, 498. 

■ ■ , reason of their absence in Scandinavian drift, 

539. 

, absence of, in the auriferous detritus of the 

Ural, 498. 

univalves, absence of, in the steppe limestones on the 

shores of the Caspian, Black and Azof seas, 805. 

Marls, shales and sands prevalent throughout the lower palaeo- 
zoic series in Russia, 25 to 81. 

(Permian), abundance of, 137 to 182 et teq, 

, (cretaceous), 268, 273, 275 ei 8eq. 

Marlstone (Devonian) at Marina and Poritz on the lBhora,82*. 

(Permian), great thicknesses of in the Permian series 

between Verkni and Nyni Troitsk, 153. 

— ^ o'verlying tufaceous limestones between 

Sviask and Tcheboksar on the Volga, 180. 

(Jurassic), beds of, between Pies and Kineshma, 233. 

, concretions of, with sand, at Inkino on 

the Oka and Koroshovo, near Moscow, 286. 

(cretaceous), beds of, near Kamischine on the Volga, 

276. 

Marly deposits (Permian), their position with reference to the 
zechstein, 182. ^ 

Marshall, Mr. James, his Cumberland investigations, 2*. 
Matiushenskaya, on the Don, cretaceous sections at, 270. 
Maycnce, probable eocene date of the tertiaries in the basin of, 
282. 

Mccklenburgh, shells found here of the same age as the fossils 
of the calcaire grossicr, 283. 

^ Scandinavian blocks on the slopes of hills in, 522. 

Mediterranean type of secondary rocks, meaning of this ex- 
pression as employed by Von Buch, 249. 

, eastern, an exteijsivc ancient sea of brackish 

water, of wliich the Caspian* and Aral are only remnants, 
297. 

, the relative level of the Caspian and other seas 

compared with its level, 322. 

Menselinsk, Orenburg, fossil fishes (Permian) found at, 218. 
Meridian direction of the Uralian rocks, 338, 467. 

Mertvi-sol (Orenburg), dislocations of Permian strata at, 183. 
Metaftamak (Bielebei), section of Permian rocks at, 151. 

^ calcareous grits (Permian), with Producti occur- 
ring at, 153. 

Metalliferous productions of the Ural mountains, dates of their 
introduction, 472 to 491. 

— ores chiefly on the east flank of the Ural, 852, 372 

et seq. 

(auriferous) rich zone near Miask, 434. 

Metamorphic rocks of Norway of the Silurian period, 14. 

— (palaeozoic) of Russia. 22*, 

of the Lappish frontier, 23*. 

— of Nijny Serginsk, 357. 

of the neighlmurhood of Ekaterinburg, 360. 

(limestones, palseozoic) associated with the 

magnetic iron of Nijny Tagilsk and Blagudat, 375, 379. 

of Kushvinsk (North Ural), 3W. 

— on the banks of the Serebrianka, 382. 

(limestones), fossiliferous, on the river 

Kakva (North Ural), 401. 

— (micaceous) on the eastern flank of the 

South Ural, 424. 

(limestones), fossiliferous beds of, on fie 

Miass, 426. 

. ■■■ nf TTr«»n<rA nd TniranBi mount' ing, 428. 


Metamorphic Irocks between the zavod of Kussinsk and Zla- 
taust, 482. 

— of those which form the crest of the Ural- 

tau, 488 et paeeim, 

" - , condition of those on thi east flank of the 

Ural, 488. 

(crystalline), of the axis of the South lirul, 

454. 

, schists of the Irendyk, 454. 

(Silurian) of the Kraka hills, 457. 

(limestones), gold dififrised through them in 

the beds south of Miask, 488. • 

(palaeozoic) of the Ural, general concluding 

account of, 586. 

Metamorphism of rocks, evidence of, 357, 400, 426. 

of fossiliferous limestone of the Ural, 358, 359, 

375, 390, 899, 426 et^eq, 

of the Ural, rejum^ of, 462. 

Meyendorf, Baron A. von, his geological labours vrith the au- 
thors (see Preface), ^ 

^ statistical map of Russia, 177. 

^ his observations on black earth, 6G2v 

Meyendorf, Baron H. von., fossil fishes procured by, 40. 
Mezene, the extreme point on the north-east to which the car- 
boniferous limestone extends, 73. 

Mgra, river, Devonian flagstones of, with ichthyolites, 47. 

, pisolitic carboniferous limdttones to east of, 75. 

Miasrite, a mineral mass resembling gitnite, 437. 

Miask, an important auriferous distvict, 346. 

, rocks and minerals found near the zavod of, 435, 436. 

, gold alluvia \iear, 487. 

, gold mines to the south of, 488. 

Miatchkova on the Moskva, carboniferous limestones at, 89. 
, Jurassic shales at, 235. 

— — " — Jurassic lossils found at, 234. 

Mica schist of the southern steppes, M.* 

, paiaage of into quartz rock, 433. ^ / 

9 , junction between granite and, at Syrostan, 434. 

Micaceous schist and quartz rock ijprming the crest of the Lral- 

tuu, 433. 

in the Timan range, 413. 

Michael, H. 1. 11. the Grand Duke, procures a Boe Aurochs 
for England, 503. 

Michaelofsk zavod, west of the Ural, junction of Devonian and 
carboniferous rocks at, 128. 

Michelinia concinna^ Lonsdale, description of, 611. 

tenuutpptay its relations with M. conemna, 611. 

Middendorflf, Professor, his explorations in northern and eastern 
Siberia, 6*, 660, 661. 

Middle carboniferous rocks of Ru8sia,^ection through, 97. 

tertiary rocks in Russia (miocene j, 2JM). 

Mikulkin-mis and Kanin-nos, northern extremities of the Timan 
range, 413. 

Millstone grit and carboniferous limestone of the Tchussovava, 
126. 

occurring to the east of Ust-koiva, 389. 

. — and carboni^rous limestone of the Timan, 414. 
Millstones from the lower Silurian grit of Lugnos, &c., 16*. 

, Moscow, hard siliceous grit of the Jurassic rocks of 

Moscow, 239. 

, tertiary, of Kaltchedansk (Siberia), 367 . 

Mineral changes in Norway and the Ural iiiountains. See Me- 
tamorphic, , 

structure, its identity of little importance in j^leuti- 

fying deposits of diflereAt countries, 203. 

"waters of Sergiefsk, analysis of, 157. 

— of Nijny Serginsk, 356. 

Minerals of Nazimskaya-gora (Zlataust), 428. 

of the Miask hills enumerated, 436. 

associated with gold ores, 477. 

, simple, in the Ural, a list of, with their localities, 640. 

Miners, Russian, their condition ns* a class, 232, 

— , their perstfverance and hospitlity, 346. 
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Mines, Imperial Administration and Corps of, great obligations of 
the authors to many of its officers, Prefiu:e et (See 

Cancrine and TcheiTkine). 

, copper and magnetic iron, at Nijny Tagilsk, 373. 

, ma^etic %on ore at Blagodat, 379. 

, copper and garnets near Bogoriofsk, 399. 

, iron, at Bakalski (South Ural), 429. 

— , gold, at Berezofsk near Ekaterinburg, 476. 

, at Chrestovodsvisgensk, 480. 

, at Peslianka near Bogoslofsk, 482. 

, south of Miask, 488. 

Mining establishmenir in the Ural, general account of, 337. 
terms, use of English words in the southern coal dis- 
trict of Russia, 107. 

Miocene tertiar}' deposits in Russia, abundant examples of them 
in Podolia, Volhynia, Bessarabia, &c., 283 et wy. 

— — , general account of, 283 ei %tq, 

in Soutjicm Russia, 293. 

— — of oolitic structure in certain parts of 

South Russia, 294. 

— , section Taganrog, 296. 

, the oceanic deposits of Ust-Urt belong 

to this group, 325. 

Miuss and Krinka rivers, sections of carboniferous rocks at, 99. 

— — , band of chalk near, 266. 

Milva (Timan range), carboniferous rocks on the, 415. 

Modiola limestone (Permian) of Itshalki, 167. 

Modiola abundant in tlm Permian beds of Russia and England, 
209, 217. a 

Moldavia and Wallachia, humus of, 564. 

Mollusca, absence of fossil remains of, in the sandy and argilla- 
ceous Devonian lieds near Lake Onega, 48. 

I of Devonian rocks of Russia, many of them identical 

vvith published Devonian species, 63. 

Mmticularia Stembfrgii \Hydnophora Stembergii of Fischer), 
description of, 624. • 

Moraines, %egp6 of detritus on the flanks of the Alps believed 
by Agaasiz to be, 508. , • 

, the resemblance of the Swedish marine-formed 

osar ” to such heaps, o43. 

, disbelief of the authors in their presence in countries 

where glaciers have never existed, 534 et wq. 

Morgunnof, Permian rocks covered up between Kongur and 
this place, 353. 

Mor-kohl, Helmersen’s name for coal of Valdai hills, 71. 

Morris, Mr., description of Permian plants, 219 ; on Polish mio- 
cene fossils, 292 

Moscow, limits of the great carboniferous basin of to, 77. 
, white limestone of, the central division of the carbo- 
niferous limestone sC Russia, 79. 

— , described, 80. 

, exposed on the banks of the Oka, 81. 

— , section of, on the Unja, a tributary 

of the Oka, 84. 

, Jurassic rocks in the neighbourhood of, 230, 235. 

basin, Jurassic fossils of, 236. 

, section of Jurassic rocks a^ the Sparrow Hills near, 237. 

, moderate dimensions of northern erratic blocks in the 

pa^el of, 523. 

Moskwa or Moskva river, relations of the white carboniferous 
limestone on the banks of, 80. 

, Jurassic stimta on the banks of, 235. 

- — , ferruginous sands and grit (Jurassic) 

^ various places on ue banks of the, 240. 

Mo^nitoes, their attacks a grea9 impediment to geological re- 
searches in northern Russia, 173, 391. 

Motsha river, south of the Kama, northern limit of the ancient 
Caspian extends to the, 325. 

Moultic, on the Tchussovaya, carboniferous fossils collected at, 
• 125. • 

Mountains, absence of, in Russia in Europe, 20*. 

, the existence necessary for the apidicabUity of 

tb^f^lacUl theoiy, 580. • 


Msta, river, sections on its banks of Devonian and carboniferous 
rocks, 45,70,71. 

Mtzensk, on the Zucha, grotesque, calcareous Devonian strata, 

Muchty (South Ural), serpentine of, 455. 

Mudstones, resemblance of the Silurian blue clay of St. Peters- 
burg to the, 26*. 

Mud volcanoes, changes produced by, 575. 

Multik (Tchussovaya), cliflTs of carboniferous limestone of, 386. 
Munster, Count, his account of the fossils of St. Cassian, 39* ; 

of some fossils of the kupfer schiefer, 215. 

Murchison, Mr., the origin and progress of his researches in 
Russia (Preface). 

■ , his work, “ the Silurian System,” applied to 

different parts of the world and referred to, 1 et pasBim, 

, bis memoirs on the Devonian rocks, 3, 4, 62. 

» bis communication on the palaeozoic rocks of 

Norway, )!♦. 

, his views on the elevation of the Highland 

crystalline rocks “ en masse ” applied to Sweden, 17*. 

1 his first suggestion of the term Permian 

(Preface), 138, 140, 200. 

, his new Geological Map of England, 202. 

, his re-examination of the Permian deposits of 

Germany, 199 et geq. 

, his work on the geolo^ of Cheltenham, 238. 

ichthyolites from Russia named after him by 

Dr. Mantell and Professor Owen, 240, 636. 

, Jurassic plant named after him by Dr. Gon- 

pert, 240. 

, his description of Liassie conglomerates in 

Scotland, 248. ,, 

)i]g comparison of Russian with Himalayan 

ammonites, 256. 

, his early suggestion that theNeocomian would 

prove to be the equivalent of the lower greensand, 260. 

, hit view of theBasin of Mayence, 282. 

, his memoir (with Prof. Sedgwick) on the ter- 
tiary oolites of Styria and Hungary, 294. 

, on the hypersthene rocks of Radnor, 392. 

, his observations (with Prof. Sedgwick) on 

metamoridiism in the ^s referred to, 426. 

, vase of avanturine presented to him by the 

Emperor of Russia, 434. 

, his memoir on the geography of the South 

Ural, 451. 

, his discourse on the production of Siberian 

gold, 483, 648. 

, his application through the Grand Duke 

Michael for a skeleton of the Bob AuvocHb granted, 593. 

, his method of colouring geological maps (see 

Description of Plates, 655 et Beq,), 

— , his distinction between local and foreign drift, 

476. 

— , his views on the transport of blocks by ice- 

bergs, 509, 529. 

— on waves of translation, 533. 

on tbe striation of rock surfaces, 534. 

; , his proofs of upheavals of modem strata, 538. 

Murehuonia, genus in the palaeozoic systems of Russia, 225, 

370, 408, 457. 

Murom, Fusulina limestone to the north of, 87. 

sands around it, 165. 

Muschelkalk, foisiliferous beds of Mount Bogdo allied to, 195. 
Mustel (Esthonia), Pentamerus band at, 34*. 

Naphtha, ebullitions of, in the Isleof Tcheicken (Caspian), 313. 

, Silurian schists saturated with, on the Ukhta, 414. 

Narva, castle of, built on ungulite grit, 28. 

— , ftdls of this river over lower Silurian limestone, 34. 

— , recession of the fidls of this river explained, 34. 

NauHktBt a smies of, supposed to exist in the magnesian Ihne- 
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Nasdmikiya-gort (ZlataiUt)^ miDerala from, 428. 

Neivt (North Ural), remarkable deposit of au^eroos detritus 
on the left bank of the, 486. 

Neocomian, or lower areensand strata, beds of, in the Crimsa 
and Caucasus, 2W. 

Nepaul, fossils collected there by General Hardwick, 257. 
Nerecta river (Vladimir), low ridge of white carboniferous lime- 
stone on the, 85. 

Nerinski, on the Oka, gypsum of the Permian epoch in the 
cliffs at, 181. 

Nmiina DanubuUu found in the white steppe limestone of 
Odessa, 301. 

Nevropterii, a Permian species of this fern found also in the 
roihe-todte-licgende, 199. 

Ncviansk (North Ural), zavod of, ^od reception at, 368. 
Newfoundland, Silurian rocks of, 8. 

Niemen river, absence of erratic blocks in the valley of, 510. 
Nijny Novgorod, red marls and sands (Permian) seen in de- 
scending the Volga from Kostroma to this city, 1 78 to 1 80. 

j magnificent sections of coloured sands and 

marls (Permian) at, 180. 

Serginsk, section on the flanks of the Ural from Sarana 

to this town, 128. 

^ mineral springs and altered and eruptive rocks 

of, 356, 357. 

Tagilsk (see Demidoff), munificent reception at, 369, 

(North Ural), rocks near, 369. 

, zavod of, 369. 

, malachite cop|>er and magnetic iron ores of, 370, 

372. 

, gold alluvia of, 486. 

Troitsk (and Verknf) near Bielebei, white marlstone (Per* 

mian), 153. 

Turinsk (North Ural), zavod of, 394. 

Nikefur on the Zayakaya, a tributary of the Dioraa, section of 
Permian rocks at this place, 151. 

Nikitofka, or Jeleznoe, in the Douetz region, coal mines of, 
105, 

Nikolskaya, on the Tosna, section at, 29*. 

Ninokotskoi, near Archangel, origin of the salt pits at, 518. 
Nitrogen, singular abundance of, in the tchoruozem of Russia, 
560. * 

North Ural, structure of, 337 to 412, 

, Oxfordian beds on the flanks of, 230, 417. 

Northern Russia, agreement of the succession with that of other 
parts of the country, 230, 

Northumberland, coal-field of, represented in the Jurassic car- 
boniferous system of Southern Russia (Donetz), 70. 
Norway, Azoic rocks of, 11. 

, lower Silurian roeks of, 11*. 

— Mr. Murchison’s sketch of the palaeozoic succession 

in, 11*. 

, upper Silurian fossils of, 12*. 

, mineral changes produced by eruptive rocks on the 

Silurian beds of, 14. 

, drift and erratics of, 542 ef seg. 

, erosion of the surface of rocks near the fiords of, 542. 

Nosdri, east of Kazan (^Permian), white limestone at, 166. 
Nosreka river, near Lwe Onega, Devonian and carboniferous 
strata of, 48. 

Nova Zemlia, these islands a prolongation of the Ural chain, 340. 
■ , coal found in, 582. 

Novazilskaya, near Orel, fossiliferous Devonian strata of, 56. 
Novo Pavlofka, on the Miuss, flagstones and shale of, 99. 

Salki, near Arzamas, interesting section of Permian strata 

at, 165, 

Tcherkask, near the Don, capital of the Don Cossacks, 100. 

. ■ , the town of, built upon and out of the steppe 

limestone, 299. 

Nwsula evn^ata^ its importance in identifying British wd 
Scandinavian Silurian strata, 12*. i 

Nugush (South Ural), limestone of the valley of this river pro- 
bably Devonian, 459. 


Nummulite beds in the Crimsea overlying the chalk, nrobable 
date of, 284, 289. 

Nuts, fossil, in the calcareous goniatite grits (carbouiferoiis) of 
Artinsk, 129. ^ 

Obdorbk mountains, north-eastern limb of the Ural mountaiiiji 
340. 

, plutonic rocks of (see Erman), 411. 

Obe, fossil mammalian remains on the banks of the, 495. 

Obolui or UnguHtCf resemblance of its shining fragments iu 
mica, 27*. 

Oboyan on the Psol, chalk replaced by aarhite variety of nmrly 
claystone or “ Kiesel-thon” at, 268. 

Obschey sirt, ridge of, composed of red sandstone and conglo- 
mcrate (Permian), 149. 

, ft)88iliferou8 siliceous grits of the Jurassic peried 

on the slopes of, 247.^ 

Ocetr river, a tributary of thq^Oka, white (carboniferous) lime- 
stone with fossils observed on the banks of, 79, 83. 

, Jurassic fo ssils j dso found at, 234. 

Ochansk, between Perm^flu Kazan (Permian), 160. 

Ochrinka, on the Oka, Jurassic fossils found at, 234. 

Oculina, points of difference between this genus of coral and 
Lithodendron, 598. 

Oder, northeim drift in the upper valley of, 525. 

Odessa limestone referred to the Aralo-Caspian series, 301. 

Oescl, isle of, true upper Silurian strata ^hcre, 35. 

, fossils found there enumerated by M. Pander, 35. 

Oka river, central region of Devaiian rocks exposed in the 
gorges of, 53. 

, Devoniah succession shown on its banks, 55. 

— — , section of, from Orel to Lichvin and Pcremishl, 55 
et seq. 


coal scam represented by^ band of bituminous clay 
in the cliffs of, at Vornova (Peremishl), 78. 

— , the white limestone of Mo*8cow ranges along the 
course of, 60 . ^ V 

— , Moscow (carboniferoqi) limestone best exposed in 
sections on the. Hi. g 

, white limestone with red sands on the, 82. 

- near Jclatma on the, 84. 


, Permian red marls and sands on the hanks of, IHO. 

— » gj’psuiu (Pennian) at Nerinski on the, 181. 

, Jurassic basin on the, 233. 

Oksevo (on the Oka), Jurassic rocks of, 233. 

Olaiid, lower Silurian rocks of, 18*. 

Old red sandstone. See also Devonian. 

of the British Isles, nature of the dejmsil, I . 

j the name of Devonian system proposed as 

a synonym, 1*. 


, fossil remains of fishes found in America 
identical with those obtained from this deposit, 5*. 

overlying upper Silurian strata in Norway, 


13. 

the identity of this series of beds with the 

Devonian series distinctly proved in Russia, 580, 581. 

identity of the fossil remains of fish(?s fouroj 


in these beds in Russia with those from the British Islands' 
strata, 7*, 46, 52, 66. 

- of Russia, its resemblance to the new and 


old red sandstones of England, 47. 

. ■ , extension of as far as the White 


Sea, 49. 


doubtful age of a conglomerate, 94. • 

, beds of^this system on the flanks of the 

Ural, 130, 364 et ptutHm. 

-, some lithological analogies of the Russian 


beds of this age with the Permian rocks, 142. 

-, rocks r^sembliag these beds on the Si^era 


(east flank of Ural), 423. 

— occurs at Akri-itau (South Ural), 460. 


Older rocks, their investigation one of the greijf objects of geo- 
logists of late years, 1. ^ 
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Olivieri, Cd., his investintions of the coal of Russitt 78, 92 
ef ; his map of the Donetz country, ^ ; his Jurassic 
localities, 884. 

Olonets, M. Enge^ann’s memoir on the mining district of, 23. 
Omberg ( Sweden J, junction of Silurian and azoic rocks, 17. 
Onega, hay of, islands of crystalline rocks in, 22. 

, lake, examination of trappean and metamorphic rocks 

on the western bank of, 22*. 

, line of disturbance near, 24. 

■ , Devonian strata near, 47. 

, undulating hills of drift near, 514. 

river, banks ofpabout 160 versts above its mouth, junc- 
tion of Devonian strata and carboniferous limestone to be 
seen, 49. 

' ■'-, mouth of, in the White Sea, the strata of the De- 
vonian age probably form the subsoil there, 49. 

, extension of the white C'arixiniferous limestone to 

the, 73. f 

Ontoleva (on the Ishora), notice of red beds there by Strang- 
ways, 32*. ^ 

, superposmon of the beds at, 32*. 

Oolites of England, their representatives among the Jurassic 
rocks of Russia, 248. 

— extension of beds contemporaneous with 

the Oxford clay of that series from the plains of Prussia to 
the frontiers of Agia, 256. 

Oolitic or Jurassic system of Russia, 229 et seq,, 582. 

, upper limestone of, on the 

Donetz, 250. • 

beds of the miocene period in southern Russia, 294. 

Optika (Orel), sandy Devonian beds at Ivanofrk on the banks 
of the, 57. 

Orhietda (Silurian) associated with Ungulites on the banks of 
the Tosna, 28. « 

nuNiiU (Jurasji^, reference to, 246. 

d’Orbigny, M. Alcide, bis inclusion regarding the fossfls of the 
Jurassrb r>cks of Russia, 249. * ^ 

■ ^ liig coiriparison of the fossils of the Rus- 
sian Jurassic rocks withathose of the English oolites, 254. 
(See vol. ii.) 

Orenburg, an anticlinal axis extends to, from Sterlitamak, 131. 
— — , ascending series of Permian rocks near, 145. 

— , light coloured marly sandstone Permian at, 147. 
, grits and conglomerates (Permian) in its neigh- 
bourhood, 149 ; sketch of in the distance, 450. 654. 

, Permian rocks and rock-salt south of, 183 ef teq, 

" ' ' — , fossils from the eastern steppes of, identified as Ju- 

rassic by von Buch, 247. 

Organic remains. See Fotnli. 

Origin of coal in Southeif Russia not to be explained by subsi- 
dence of the land on which the plants grew, 113. 

, analogy to explain, at mouth of D^na, 570. 

— — copper, gold and platinum alluvia, 472, 484. 

Orloff, Count Alexis. See Preface, xiv. 

Qrontes (Tanghi-Daria), the stream of this river artificially de- 
flected, 577. 

Oftk and Yerch-Uralsk, descriptkmof the Gnberiinski Hills be- 
tween these spots, 444. 

— , jaspideous bands and eruptive rocks near, 446. 

Ortku generally characteristic of Stlnrian rocks, 86 et eeq, 

■ — eximia in the uj^mt (carboniferous) limestone and asso- 

ciated with Fnsulina, 88. 

, the rarity of this genus in the Permian system, 817. 
Orthofraphy, English, h^ app^ ^ Bnaaian words, 658. 
Orthoceratite UmaMone (lower SRufian), at KinnekuRe, Omberg, 
Berg, Oland, dec. in Sweden, 15, 15*, 17, 18. 

- - of Russia, called *pleta,*fprms 

one snbdivisioa of the Russian Silurian series, w*, 88*. 

f — S'' " gf Bsthonia, 88* et eeq. 

, its charactei^cpecalivities 

in diilierent beds, 86*. • 

Osar, or Asar, gles of stones, sand^and gntvel resembling mo- 
ndnS, description of, 548, 548. 


Osar, or Asar, aqueous origin of, illustrated, 587. 

Oscillations affecting the Russian carboniferous rocks, 183. 

, great, without derangement of the strata, 831. 

, explaining the local drift pbsenomena of Si- 
beria, 500. 

; — a frequent occurrence in Russia, 585. 

Oslanskoi Pristan, on the Tchussovaya, trough of carboniferous 
limestone between this place and Kinovsk, 885. 

Ot/rdM, fossil found in Permian limestones of Itshalki, 166. 

, also in the carboniferous limestone of Belgium, 225. 
Otley, Mr. Jonathan, bis exertions in Cumberland, 2*. 

Ottrada, village of, sections of Devonian strata on the cliffs of 
the Oka near, 57. 

Outliers of carboniferous limestone near Petrofskaya, on the 
right bank of the Upper Donetz, 115. 

— on the banks of the Bie- 

laya, 130, 150, 431, 461. 

Ouvarovite, a beautiful green mineral peculiar to the Ural 
mountains and Siberia, locality of, 3^, 643. 

Orel, on the Oka, dome of Devonian rocks, 55, 56. 

, central dome of, free from transported blocks, 525. 

Owen, Dr. Dale, his account of the geology of Indiana, 4*. 
Owen, Prof., his microscopic examination of the teeth of Den- 
drodiM, 67 ; description of the D. Murchiemi^ 636. 

^ — , his opinion of the adaptation of the mammoth to 

live in northern climates, 497. 

, his opinion on the Auroche^ 503. 

Oxford clay, or Terrain Oxfordien of Russia, 230. 

, various basins of, 229 to 248. 

■ , the equivalent of the Russian lower Jurassic, 

253. 

■ , fossils of this deposit iif Southern Africa, 257. 

, importance of this bed in Eastern Europe, 258. 

Ox us river, its stream artificially deflected, 577. 

Paillrttb, M., bis researches in the north of Spain, 4*. 

, his examination of the sulphur deposits of 

Sicily, 158. 

Palatki, fossiliferous Permian limestone of, 148. 

Pallas, his notice of the Fusulina limestone, 87. 

, bis account of the sulphur deposits at the baths of Ser- 

giefsk, 158. •> 

, his account of the freezing caverns of llletzkaya Zast- 

chit^ 190. 

, his account of Mount Bogdo, 193. 

, his notice of the concretions of impure argillaceous lime- 
stone of Vassili-Maidan, 244. 

, his account of chalk on the Busuluk river, 272. 

, his idea of a great ancient inland sea, 298. 

, his account of the Caucasian boundary of the southern 

steppes, 315. 

, his opinion of the ancient Caspian, 817. 

, his distinction of the ages of the two salt deposits of the 

steppes, 320. 

, bis descriptions of the Ural mountains, 337. 

, his account of the Katchkanar, 892. 

— , his account of fossil bones in Siberia, 494 ; in Russia, 
503* 

Palseozoic classification of the British Isles, 1. 

applied to Germany and Belgium, 3. 

France and Spain, 4. 

of North America, 4*. 

— of South America, 6. 

of Northern Europe and Asia, 6*. 

• of India, Africa, and Australia, 6*. 

corals of Russia described by Mr. Lonsdale, 691. 

Paleozoic rocks in the heart of the Ural, 456. 

all elevated in parallel directions in the Ural, 

468. 

—4 succession of depoiiit. See Sitwrian, JkvoHian, Car^ 

* don(feroui and Permian. 

type of the zechttein continued into certain overlying 

(Permian) sandstones, 201. 
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Palaonkew Fnitlebmiif the onhr Penman iiih found in the 
carboniferous limeiionet 2 IS. 

Pahtdina, extreme abundance of in the steppe limestone, 300. 
Pamir, extension of Aralo^Caspian deposits to the plateau of, 
810. 

Pander, M. (his works, Pr^aee\ his idea concerning the dislo- 
cation of the Pulkovka brook, 31. 

' ' , his determination of Silurian rocks in Esthonia, 34*. 

, fossils found by him in the isle of Ocsel, 35. 

Parallelism of the disturbances in the Ural, 468. 

Paris basin, certain German and Polish tertiary beds supposed 
to be contemporaneous with, 285. 

Parnassus, scratches on the flanks of, not done by glaciers, 552. 
Parrot, M., on the lake of Burknech. (See vol. ii. Avant Propos.) 
Passage of lower into upper carboniferous series near Kun- 
£^ofka, 132. 

from cretaceous to tertiary rocks at Antlpofka on the 

Volp, 277. 

' — (supposed) from cretaceous to tertiary strata in Rus- 

sia, 289. 

from Miocene to Pliocene beds at Kichenef, 296, 303. 

Paulograd, metamorphic rocks between this town and Alexaii- 
drofsk on the Voltchia, 91. 

Payen, M., his analysis of the tchomozem or black earth of 
Russia, 560. 

Peach, Mr., his discovery of Silurian fossils in Cornwall, H*. 
Pebbles of large size in the Permian grits, 155. 

Peipus Lake, transverse depression of, 32. 

Penmen, a name inapplicable to the Permian rocks, 140. 

Pinega, carboniferous limestone extends to, 73. 

Peniaments oblonyus, fossil^separating the low-cr from ujipcr 
Silurian rocks in Norwav and America as in British Isles, 
5* 12*, 38*. 

borealis represents P. obUmgus in Esthonia and 

Kovno, 34*, 38*. 

Knightii, species very near to, in upper Sihirian of 

the Ural mountains, 39, 370, 394. 

limestone, metamorphosed, at Djclebeck, Nor- 
way, 14. 

absence of this fossil in Permian rocks, 208. 

Pepites or lumps of solid gold to the south-west of Miask, 489. 
Peremishl on the Oka, lower carbo/Rferous rocks at, 77. 

, the cliflfs op]»ositc this town contain bituminous 

clay, replacing coal, 78, 79. 

Perevanchina, south-west of Zlataust, argillaceous and fissile 
limestone at, 429. 

Perkina (road to Archangel), Fusulina limestone at, 87. 

, large granitic northern block near, 516. 

Perm, succession of strata to the south and east of, 142 et seg. 
Permia, ancient kingdom of, affords the new collective name 
for the strata between the carboniferous and triassic sy- 
stems, 138. 

Permian system, its first establishment, 7*, 8, 137 et seg. 

, the beds of overlying carboniferous strata on 

the road to Bachmuth, 114. 

- — , the carboniferous limestone seen underlying a 

small trough of, at Sterlitamak in the South Ural, 130. 

^ reason of applying the name ** Permian ” to 

this group of rocks, 139. 

, its limits in Russia, 141. 

, sections of limestone, gypsum and copper de- 
posits near Perm, 142. 

on the western flank of the South Ural, 145. 

■' ■' ■, section of, from the Ural mountains to the 

Volga, 150. 

, sulphur deposits of the, 157. 

as exhibited in the country between Perm and 

Kazan, 160. 

developed in the rocks around Kazan, 161 . 

, western and southern limits of, iu the govern-J 

ments of Nyni-Novogorod and Simbirsk, 164. 

, sections of, near the Piaua, 166. 

■ — highly fossiliferous at Itshalki, 166. 

f 


Permian system, origin of copper sands and marls of, 168. 

^ section of, on the Pinega, 172. 

, gypsums, maria and limestones of, on the 

Dwina, 173. 

, sections of, on the Strelnaand Suchona, 177. 

, sections of, on the Volga, Oka and Kliasma 

rivers, 180. 

, as seen south of Orenburg, 183. 

containing rock-salt at lUetzkaya-Zastchita in 

the steppes of the Kii^his, 184. 

, saliferous rocks of, and o^rlying fossiliferous 

limestone of the lower steppes near the Caspian, 192. 

, rocks of Mount Bogdo, 193. 

, origin of the salt of the steppe of Astraklian, 

referred to the rocks of this period, 196. 

, fossils of this period and their equivalents in 

other parts of Europe revigwed, 199 et seg, 

— — , German equivalents of, 200. 

, French an^nglish equivalents of, 202. 

— , its rocks^mntormable with the overlying trias- 

sic strata, and frequently unconformable with the carboni- 
ferous, 204. 

, view of the organic remains of, 205 to 228. 

, modifications undergone in distant gcogra- 

phical regions by the fauna of, 213. 

, general remarks on the rfora of, 218. 

, tabular list of the fossil^of, in Eiuxipe, 221. 

, disintegration and i%constructiou of its con- 
glomerates, 248. 

j ranle of the strata of towards the Ural, 353. 

^ hounded by the Timan range, 412. 

, beds at Vcrchni Ozernaia, and near the Gur- 

inaya Hills (South Ural), 450. • 

II..!. trough of, overlying the, carboniferous strata 

between Akritau and Tcheketau (Sbuth Ural), 4®), 461. 

, deposits of, affected on lines paxalml to the 

roRks of the carboniferous 8er%s in the Ural, 468. 

, general conclusionasconceming series of roeks 

in Russia, 582. 

Perowski, Perovski, or Perofski, General, his great assistance 
to the authors in the government of Orenburg, 131, 347, 
ti61, 451 ; his ma]> of, 348 et seg. 

Perse river (Livonia), concretionary Devonian limestone of, 51. 
l*eschanka (North Ural), gold mines of, 396, 400, 482. 
Petchora river, survey of the basin of the, 21*. 

— ■ , Count von Keyserling and Lieut. Krusen- 

stern’s expedition to its mouth, 211, 656, 657. 

, Oxfordian beds where this river empties itself 

into the Icy Sea, 230. • 

, modem raised marine deposits of the mouth of, 

332. 


, whetstones (carboniferous) found near the, 410. 

- mixed Jurassic strata of clay and sand at the 
confluence of the Ijema with the, 417. 

Petchora-ill-is, mountain of the Arctic Ural, view from, 407. 


Petersburg, St., Silurian rock%of, 25. 

, section from, to Czarskoe-celo, 27. 

•, relative age of the strata near, 32. 

a favourable place for studying the distribution 

of northern erratic blocks, 512. 

-, size of blocks in the neighbourhood of, .OT. 


' . . 1-..^ Ol/iC »»» — T -- 

Petersgal on the issetz, crystalline caihoiiifcrous limestone of, 
365. » 

Petrofskaya, on the Upper Donfttz, carboniferous rocks at, JH). 

— , outliers of carboniferous rocks near, 115. 

— , Jurassic fossils found near, 234. 


’etropavlosk on the Siass, inclination of Silurian strata, 30*. 

, the cliffs ii#ar, described, 30. 

i 1 a*- 907 


- (North Ural), Devonian limestones at, 397. 

- river, fossils from, 613. 


Petrozavodsk (Olonetz), rocks in the neighbourhimd of, 23. 

-, trappean rocks H altering the palfcozoiwtrata 


near Lake Onefi:a.>47. 


• 4 TT 
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PetroztTodik, trtnirene diilocations near, 24. 

elevationi of compared to that of the Timan, 418. 

» aroearancea of drift at, 514, 515. 

— , oirection of scratches on the rocks near, 530. 
Plullipa, Prof. John, his * Geology of Yorkshire' referred to, 1. 
— ' , his works on palaeozoic fossils, poMm, 

- - /his suggestion concerning the fossils of the 

English magnesian Umestone, 7*. 

Philippi, Prof., his identification of fossils from the Wicliczka 
rock salt, 291. 


Physical geographytaf Central Russia, 20*. 

— of the Ural mountains, 839 ef ieg. 

■— . ■ . . (ancient) of Russia and the Ural mountains, 

471 ef 521, 554. 

Piana river, interesting sections of Permian rocks at, 165. 

— , belemnites observed in the bed of the, 244. 

, concretions of impure argillaceous (Jurassic) limestone 
between this river and the Sura, 245. 

Pianda, concretions of pink gyp^yim (Pennian) at, 174. 
Piattisbianskaya, section of creta^as rocks on the Don be- 
tween this town and Golabinskaya, 270. 

Pictet, his memoir on the conservation of summer-ice in natural 
caverns, 197. 

Pietina, a village on the Don where the most southerly Devo- 
nian rocks occiy*, 60. 

Pijema or Pishma river, Devonian rocks on the, 414. 

Pinega river, carbonfierons limestone on hanks of the, 77; 
Permian rocks with^psum, 1 72. 

, section of the cliffs near the town of, 173. 

Pinsk, marshes of, the southern limit of tlie erratic blocks, 525. 
Pinus cembra, its abundance in the Ural mountains, 391. See 
sketch, 428, 654. 

Pisolitic limestones (cai^niferous) near Vitegra, 75. 

pennian), account of, 143. 

— (Jfirassic) on the Donetz, 250. 

Plaoer-1^ of Sazony, its geological position, 261. 

Plants, fodsil (carbonireroi|(:), 79, 112, 129, 410. ^ 

(Permian), highly cupriferous grits, 144. 

, compared by M. Brongniart with car- 
boniferous and other plants, 219. See voi. ii. 

(Jurassic), of the siliceous grit of Moscow, 240. 

Plastic clays between I^menetz and Grodno, 285. 

Platanoif, Captain, his assistance, 143. 

Platiniferous alluvia, nature of, 484. 

Platinum, origin of the ore of, 483. 

— — — , alluvia of, in the central ridge of the Ural, 393. 

■ and gold diffused through the rocks in which they 

occur, 485. 

Play, M. le, his descrifrion of the coal-field of the Donetz, 120. 

, on the igneous origin of magnetic iron ores and 

platinum of the Ural, 376, 380, 484. 

Pies, red marl covered by Jurassic rocks near, 178. 

— , succession of Jurassic rocks between this place and Ki- 
neshma, 233. 

Plesiosaurus, remains of, found near Moscow, 417. 

* Pleta,' or Orthoceratite limest#ne, its position in the Russian 
lower Silurian, 25*. 


^ general account of, 28*. 

, passage upwards into supe- 
rior strata possibly traceable by the examinatioti of the 
country west of Bdtisch Port, 84, 

' proved by its foirils to be- 


long to the lower Silurian rocks, 36*. 

PUny, hu view of the changes that had taken place around the 
Caspian before his time, 577. 

Pliocene, date of the steppe limestone, 299. 

of the Caspian deposits, 823. 

^ocroi (Kovno), gr^ Sikuian limestone at, 35. 

Podgomoi, bills of s^t and conglomerate thrown off by the Gu- 
tolinski lulls (Souti|i Und), 449. 

Podolia, hei|fit of the western extremity of the granitic steppe 

21 . 

— , latent of Silurian formations ii^ 39*. 


Podolia, miocene tertiaries in, 283, 294. (See Dubois.) 
Poland, sandstones south of Warsaw belong to the same series 
as the siliceous grits of Moscow (Jurassic), 241 . 

— , Jurassic rocks of, connect the oolites of England vrith 
those of Russia, 253. 

, account of the cretaceous rocks of, 268. 

f middle tertiary deposits in, 288. 

, the southern part of that country surrounded by erra- 
tic blocks, 526. 

Polish frontier, erratic blocks in this district, 523. 

Polished rocks in the government of Olonetz, 530. 

— I 1 no proof of glacial action exclusively, 552. 

Polist river, lower memben of Devonian system visible in its 
water-course, 42. 

Polypifers of the Permian rocks all distinct from those of the 
carboniferous series, 216. 

Pomerania, trainees of Samdinavian boulders in, 523. 
Pontefract rock of England represented by some of the Permian 
grits of Russia, 202. 

Popofskoe (Donetz), anthracite of, 101. 

Popovka (a tributaj^ of the Slavenka), transverse rents of the 
strata near, 31*. 

, fossiliferous beds of lower Silurian limestone near, 29. 

Poritz, south of Czarskoe-celo, marlstone cliffs of Devonian 
age at, 33. 

Porphyry of Ringerigge (Norway), 13*. 

alternating with schists in the Irendyk, 453. 

and other rocks of the axis of the South Ural, 454. 

, augitic, of Blagodat (North Ural), 379. 

, copper mines at the junction of this rock with lime- 

stone at Turyinsk, 398. ^ 

near Verch-Uralsk, 444. 

Porphyritic breccia of Mount Sahliu, 411. 

Posen, absence of great erratic blocks in the plain of, 523. 
Posidonia shale (Jurassic) of the Ijema, 417. 

Possobea, on a tributary of the Siass river, dome of lower Silu- 
rian flags at, 30*. 

Prague, Silurian strata near, 3*. 

Preobrajenski-gora (Orsk) greenstone porphyry and jasper, 446. 
Preobrajensk, section across the plateau of^ 450. 

, zavod of (South Ural), 452. 

Preservation of the skin anil hair of the mammoth, &c. a natural 
effect of the Siberian climate, 495. 

Priksha (Valdai). See Priutchkaf the name being spelt in this 
way by mistake in the text. 

Pristan (Sooth Ural), Silurian rocks between Alina and, 432. 
Priutchiu (properly Priksha) rivulet (Valdai), admirable natural 
sections of Devonian and carbos^erous strata in the gorge 
of, 45, 46, 71. 

— , fossils of upper limestone of the, 72. 

ProductvMy great abundance of, in the carboniferous series of 
Russia generally, 134. 

- — ■ , common in the carboniferous system of the Donetz, 

94. 

giganteut {hemUphericus, Sow.) characteristic of the 

lower limestone of Tula and Kaluga, 79. 

itriata {anomala^ Sow.) found in the lower limestone 

of the Valdai Hills, 72. 

— — , character of the Pennian species of this genus, 207. 

— Cancrini^ beds containing, 154. 

— horrefcent the zechstein analogue of P, horridw, 21 7. 

limeBtone(carboniferouB), its ^ition in the series, 78. 

(Permian), description of, 158. 

Productive coal-seams beneatn the chrik near Uspensk, 118. 
Protozoic type developed in the lower Silurian rocks of England, 

Norway, Sweden, Russia and America, 2 to 39*. 

Prussia, account of erratic blocks in, 522. 

Psammitic shale (cretaceous) south-west of Volsk, 274. 

^ grauwack4 in the gorge of the Urmanzelair, 452. 

l/PterqphgUum J/tirefifrontorntm a fossil of the siliceous (Jurassic) 
grits of Moscow, 240. 

Pudolsk on the Pakra, uppermost beds of white (carboniferous) 
limestone at, 81. 
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Pulkova (St. Petenburg), erratic blocka at, 512. 

PulkoTka brook, abundance of lower Silurian fossils near, 29. 

, section across, exhibiting undulations, 31. 

— , transverse crack of the strata through which the 
brook runs, 81*. 

Pulnaja-gora (Arctic Ural), a hill of Silurian rock charged with 
concretions, 409. 

Pulnitza (St. Petersburg), Ungulite grit near, 27*. 

Pusch, M., his works on Poland, 264, 292, 652. 

Putievil, Scandinavian detritus on the Sem near, 525. 

Putshino near Serpuchof, Moscow, white (carboniferous) lime- 
stone exposed at, 82. 

M . ■ ■ ^ calcareous tufa at, 82. 

Pyrenees, paleozoic rocks of the, 4. 

Pyritous condition of the coal in the central carboniferous basin 
of Russia, 78. 

Quadee-sandstein the representative on the continent of the 
upper part of the lower greensand, 261. 

Quadrupeds, fossil, of Russia in Europe, 500. 

Quartz, blocks of, on the surface of. Jurassic districts in Russia, 
247. 

, veins of, in the North Ural, 381, 477 et aeq. 

— rock (metamorphic) composes the Taganai mountain and 
many other peaks of the South Ural, 428, 457 et aeq. 

, bauds of, in micaceous schist forming the crest of 

the Ural-tau, 433. 

, passage of mica schist into, 433. 

— , northern erratic blocks of, at Jurievetz, on the 

Volga, 520. 

veins with gold, 477. 

Quartznse grauwack^ near Avziansk (South Ural), 450. 
and micaceous schists of the South Ural, 452. 

■ — micaceous scliist (Itacolumite) of the Ural the matrix 

of diamonds, 481. 

■ rocks of the Arctic Ural, 407. 

Quenstedt, M., his list of fossils of the zechstein of Thuringia, 
215. 

Radionofea, near Serpuchof, section of carboniferous rocks 
at, 81. 

Raised beaches, so called, some of tAem raised sea-bottoms, 552. 
Rapolmaya near Perm, fossil found in Permian rocks 

at, 143. 

Rebrova (St. Petersburg), Ungulite wit near, 27*. 

Recession of the falls of the Narva, 34. 

Red conglomerate at the base of the carboniferous deposit of 
the Donetz coal-field, 93 ; near Sterlitamak, 460. 

rocks of the carboniferous period in Russia, 98. 

series above the fossiliferous limestones of the Permian 

period, 175. 

— marls (Pennian) between Archangel and the government 
of Vologda, 176. 

■ - , v^ide spread of, in Russia, 180 et aeq. 

Relation existing between the greater or less duration of species 

and their extension to distant parts, 216. 

Remains, organic. See Foaaila* 

Repidolite, a mineral found on the western flank of the Nazim- 
skaya-gora, South Ural, 428. 

Resume of the whole work, 579. 

Rhenish provinces, Belgium, &c., confirmation of the views of 
palfiBOZoic classification (particularly Devonian) by the ex- 
amination of these districts, 1*. 

Rhmoceroa tichorhinua^ complete carcass of, foun 1 by Pallas, 496. 
Riga, fossil fishes from the Devonian beds of, 53. 

Ringerigge (Norway), Old Red Sandstone overlying upper Silu- 
rian strata at, 13. 

Ringicula buecinea^ a fossil found in the rock salt of Wieliczka, 
291. 

Rivers, the keys of the geology of European Russia, 22. ' 

do not traverse the Ural mountains, 344. ' 

-, descent of, in Russia, 232 ; on the flanks of the Ural, 

362, 382. 

• 


River courses of SU>eria of great antiquity, 499. 

Roads in Russia, usually paM over the highest land, 572. 
Robinson, Dr., his explan^ion of the freezing cavern at llletz- 
kaya-Zastchita, 191. 

Rock-salt works at lUetsduiya-Zastchita, 184. 

Roemer, Dr. F., his work on the Rhenish provinces, 8. 

Rogers, Messrs. W. and H., their views on the palaeozoic sue- 
cession of North America, 4*. 

Roofs and floors of the coal-seams in the northern carboniferous 
district in Russia, 108. 

Rose, M. Gustaf, his work on the Ural meyntains, &c. referred 
to, 338, 353 paaaifHt 

•, his examination of the rocks of the Ural 

mountains, 360, 367, 369, 370, 376, 379, 395, 398 et paaaim. 

, his account of the minerals associated with gold ores 

referred to, 477 et aeq,^ 

Rosvadi in Poland, fossil plants found at, 242. 
Rothe-todte-liegende not a me&ber of the carboniferous group, 
198. 

— ^ is in'IuuAd in the Pennian system, 140. 

Rouiller, Professor, his discovery of microscopic fossils of the 
siliceous grits of Moscow, 241. 

Rum^nishni-nos (Timan range), granite and argillaceous schists 
of, 413. 

Riiprecht, M., on limestones and schists on the shores of the 
glacial sea, 73, 413. 

Russell, Mr. Scott, his experiments on wrves of translation, 533. 
Russia, its true geological structure jiot previously developed, 
Preface, vi. 

, course taken ‘by the autliors in examining. Preface, vii. 

et aeq. 

, palaeozoic succession in, 7* to 228. 

Jurassic rocks of, 8, and 229 to 258. 

, cretaceous system of, 8, and 2^9 to 280. 

, tertiary deposits of, 8*, and 28btb 333. 

^. general amount of the physical features and^d«Ainage of, 

, crystalline rocks of the nor^ of, 22. 

, intrusive rocks and metamorphosed palaeozoic strata of, 

22*. 

— , transverse dislocations along the northern palaeozoic 
frontier, 23*. 

, Silurian rocks of St. Petersburg and the Baltic pro- 
vinces of, 25. 

, subdivisions of the Silurian system in, 26 et aeq. 

dip, undulations and dislocations of the Silurian strata 

of, 30*. 

, junction of lower Silurian with Devonian strata in, 32. 

, lower Silurian rocks of Esthoni^ in, 33*. 

, upper Silurian deposits of, 35. 

, Silurian fossils of, 36. 

, general range of the Silurian rocks in, 38*. 

, Devonian or old red sandstone system of, 41 et aeq. 

, northern Devonian zone of, 41. 

, Devonian rocks in Courland, Livonia, 8lc. in, 50. 

, central region of Devjjnian rocks, or geological axis of, 

53. 

, Devonian rocks of the Don in, 60. 

, general view of the organic remains of the Devonian 

rocks of, 62. 

, carboniferous system of, 69 et aeq. 

, divisions of the carboniferous system of, and account of 

the lower division, 70. 

, great central basin of the carboniferous system of, i1. 

. — , white Moscow limestone of the carboniferous period in, 
80. 

upper division of the carboniferous rocks of Fusulina 
limestone, 85. 

, carbontferous region between the Dnieper and the D% 

in, 89 et seq. 

, axis of the south wanitic aiftl crystalline rocks of the 

district between the Dnieper an^the Don £1, 90. ^ 

, relation of the anthracite to the bituminous ooalin, 100. 

. /I TT n 
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Rmiiit ooal-Mdi in the northern tracts of, 104. 

, atmta overlying the caihoniferous rocks of, 114. 

■ " , note conoerning M. Anatole Demidoff’s work on the 
southern pert of &i8 country, and of M. le Play’s volume 
on the carboniferous region oi the Donetz in, 1^. 

, carboniferous rocks on the western flanks of the Ural 

mountains of, 124 et 9eq. 

■ — , general remarks on the fauna of the carboniferous sy- 

stem ctf, 1^. 

— — , description of the rocks of the Permian system in, 141 

e 

— , eastern limits of the Permian system in, 141. 

, zone of magnesian limestone in the Permian system of, 
147. 

, origin of the Permian copper sands and marls of, 168. 

— — , Permian rocks on the north of the rivers Dwina and 
Pinega in, 171 et seg, ^ 

— — , account of the salt min&s in the rock-salt (Permian) at 
lUetzkaya-Zastchita in the steppes of the Kirghis, 184. 

, account of the freezing in the Permian rocks of 

lUetzlmya-Zastchita, 186, 197. 

— , account of the rocks of Mount Bogdo in, 193. 

' ■ — , review of the Permian fossils found in, 218. 

, account of the Jurassic system of, 229 et teg, 

' , Jurassic basin of the middle Volga in, 231. 

— — , Jurassic basiz of the Oka in, 233. 

, Jurassic stratararound Moscow in, 236. 

, great Jurassic ba^ of the lower Volga, &c. in, 243. 

, eastern tract of Jurassic rocks in, 247. 

, upper Jurassic ^up in the southern districts of, 248. 

, general conclusion with regard to the Jurassic rocks of 

this country, and their European equivalents, 253 et teg, 

, cretaceous system of, 259 et teg, 

, chalk of the Dorfetz in, 265. 

— cretaceous rocks, of the Don in, 270. 

»■ — , dfplk on the banks of the Ural river 272. 

— , relations of the creUceous to the tertiary strata n, 277. 

■ , tertiary deposits orf281 et teg. 

, distribution and suodivision of the tertiary deposits of, 

283. 

, eocene or older tertiaries of, 284. 

— ■, middle or raiocene tertiaries of, 290. 

, mioccne deposits in the southern districts of, 293. 

, Aralo-Caspian or steppe limestone of, 297. 

, notice concerning the northern extension of a former 

Caspian sea in, 324. 

, Ural mountains of, 337 et teg. See also Ural Ufountaint. 

, map of, referred to, 348. 

in Europe, fossi^quadrupeds of, 5<K). 

— , Scandinavian drift and erratic blocks in, 607 et teg. 

, absence of drift in certain north and south zones of, 516. 

, former submarine condition of, 538. 

, account of the black earth or tehomozem of the central 

and southern tracts of, 557 et teg. 

in Europe, modem changes in the surface of, 565. 

, elevated fluviatile ridges of angular blocks in, 566. 

, recent elevation of great Part of, 669. 

, modem ravines or ‘ avrachs’ of, 570. 

" , modem estuary phaenomena in, explanatory of the former 

origin <rf coal, 570. 

, state of the sulfur of, during spring floods, 572. 

, resume and conclusion concerning the geology of, 579 

et teg. • 

— d^criptioD of some chyacteristic palaeozoic corals of, 
by Mr. Lonsdale, 591. 

B uf rian Lqiland, the Timan range parallel to the north-east 
coast of; 413. 


•ablsnka, carbonaceoA character of the bituminous schist 
on the, 28*. 

Sabliii (Arctic Ural), Mcmnt, trsppean rocks of, 41 1. 

Sadoij|]^, or ladonsk, on the Don, Devonian fossils in hillocks 


Sakalosfkie, on the Vol(^, section of Jurassic rocks at, 246. 
Sakmara or Sakmarka river (South Ural), fossiliferoua carbo- 
niferous limestone extends to, 181. 

— — , maffnesian limestone near the mouth of, 147. 

, anticlinal axis in the valley of, 148. 

— boss of serpentine at, 452. 

, the rocks of this river prolonged to the Silurian 

series of the Kraka hills, 458. 

Saksomsk (west flank of North Ural), dolomitic limestone near, 
353. 

Salaouch, east of Kazan, dislocations of Permian sandstone and 
grits at, 161. 

Saliferous rocks and overlying limestones of the southern 
steppes, 192. 

Saline l^es, source of the salt of, 197. 

Salomi (Lake Onega), striated and polished rocks near the hay 
of, 514. 

Salt, source of, in Devonian rocks, 45 ; Permian rocks, 145 ; in 
tertiary deposits, 291. 

— , presence of, no indication of geological age, 145. 

— , springs of, in the Permian rocks, 145, 178, 180, 196. 

— , beds of, in the Permian rocks, 183. 

— , account of the works at Illetzkaya-Zastchita, 184, 

— of the steppe of Astrakhan, origin of and age of, 196, 320. 
— , age of the deposits of. at Wieliczka, 290. 

Salter, Mr., fossils named by him, 12. 

Saltness of the Caspian sea slight, 308, 328. 

Samara (Lower Volga), cliffs of F^sulina limestone near, 86. 

, red conglomerate (Permian) between that city and 

Orenburg, 149. 

, magnesian limestone (Permian) at, 157. 

, copper ores anciently extehded to the neighbourhood 

of, 168. 

Samoyedes occupy the Petchora country. Preface, xiii., 340, 418. 

, their superstitions respecting the mammoth, 491. 

Sands, sandy marls and sandstones, common beds among the 
Jurassic rock of Russia, 244. 

Sandstone and sands (Silurian) of North America, 5. 

quartzose, of Kinnekulle (Swe- 
den), 15. 

of Sweden, the lowest beds 

formed out of the ancient crystalline rocks, 17*. 
, Ungulite grit of St. Petersburg, 

27. 

of Russia, 44, 47. 

(Devonian) of the Timan range, 414. 

■ — of Akri-tau, in the Ural, 460. 

' (old red), condition of, in the north of England, 7. 

of Christiania, 13. 

(carboniferous) of Russia, 77, 82, 92, 104. 

of the Ural, 127, 854, 367, 410. 

- of the Timan range, 414. 

■■ ■ - ' (Permian) of Russia, 143, 168, 203. 

■ (Jurassic) of Russia, 236, 238 et teg., 245, 251, 252. 

■' (cretaceous) of Russia, 271, 276. 

(tertiary) of Russia, 276, 287, 292, 300, 313, 816, 331 . 

Sarana, carboniferous limestone at the zavod of, 129. 

Sar^ula Hills, siliceous beds containing Jurassic fossils at, 247. 
Saratof, Jurassic basin in the government of, 243. 

, concretions of argillaceous limestone at, 245. 

, Jurassic rocks in the cliflfs of the Volga at, 246. 

-, black Jurassic shale of Syzran extends to, 246. 

, cretaceous beds at, 274. 

, lower tertiary beds on the banks of the lower Volga 

near, 288. 

Sarepta, on the Sarpa, hilly steppes between this place and the 
Don of tertiary origin, 278. 

, position of the steppe limestone and subordinate 

sandstones at, 300. 

# " , concretions of sand in the tertiary rocks near, 317. 

Carpa, concretions of sand at Sarepta, on the, 317. 

Sartana* on the Kalmiuss, dykes of crystalline rock between 
Karakubaand, 91. 
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Satkinik» near Zlataikit (Ural), zavod of, 429. 

, lower Silurian rocki between SiUda and, 492. 

Sauriana, remaini of, in the Permian rocks, 154. 

— — , those found in the Russian Permian strata not in the 
same geological position as those Europe, 213. 

— — , vertebra of, found on the Sisola and Visinga, 417. 

, in the Jurassic rocks of Russia, 246, 417. 

Saussure, M. de, his view of the cause of the movement of 
glaciers, 508, 509. 

Saxony, cretaceous system of, 261. 

Scandinavia, importance of a geological survey of, before com- 
pleting an account of the geology of Russia, xiii. 

— Silurian rocks of, 10 et seq, 

, Azoic rocks of, meaning of the term, 10*. 

— " ■ ' ■ ' , relations of the Silurian fossils of, 19. 

— , occasional resemblance of the rocks of, to those of 

the Timan range, 413. 

— " , drift and erratic blocks from, spread over Germany 

and Russia, 507 ct teg, 

, excentric distribution of the drift from, 627, 548. 

, probability that icebergs may formerly have floated 

from the highest regions of this country and Lapland, 537. 

" ■ , difficulty of explaining the surface phaenomena of, 

542. 

■ "■ ■■■■', British analogies to phscnomena in, 549. 

, views of authors who have written on the subject 

of transported drift in that country, 555. 

Scar limestone, its representative in South Russia, 95. 

, its resemblance to the carboniferous limestones 

on the west flank of the Ural, 125. 

Schaalstein, rocks at Mamniskaya, on the Issetz and on the 
Kakva, resembling tha^rock in Germany, 363, 401. 
, cOTper ore between this rock and Silurian lime- 
stones, 373. 

, a rock resembling this on the eastern side of the 

Ural, between that range and Troitsk, 441, 442. 
Schastozerskaya, shelly sea-oottoms observed on the banks of 
the Dwina, opposite, 327. 

Schists (Silurian) of Spain, 4* ; of Sweden, 15*. 

— of Russia, 31, 34, &c. 

^Devonian) of the Issetz, 364. 

(carboniferous), 111, 451 ej seq. 

of the Bielaya river, their picturesque beauty, 458. 

(metamorphic) of the Ural, 356, 359, 360, 391, 408, 433, 

446, 453, 455. See Jaspers, 

■ ■■ ■■■■ of the Timan range, 413, 416. 

Schlotheim, M., his list of species of fossils in the zechstein of 
Germany, 214. 

Schultz, M., his services to the authors, 362. 

Scotland, identity of the old red sandstone of, with the grey- 
wacke and old limestone of Devonshire and the Rhenish 
Provinefes, ix., 1. 

, identity of the fishes from the old red sandstone of 

with those from the Russian Devonian strata, 66. 
Scotovaitova (Donetz), section of carboniferous rocks at, 104. 
Scratched and polished rocks no proof of glacial action exclu- 
sively, 562. 

Seams of coal, number of, worked in the mines of the Donetz 
coal-field, 96, 101, 105 to 111. 

Secondary rocks of Russia, 8, 229 to 280. 

Sedgwick, I^f., his labours in the establishment of palaeozoic 
classification, vii., 2. 

— — - ^ his subdivisions and illustration of the mag- 
nesian limestone series in England, 201. 

, his list of fossils of the English magnesian 

limestone, 215. 

, his researches vrith Mr. Murchison in England, 

the Rhenish provinces, the Alps, &c., 1*, 2, 426. 
Sedimentary origin of the North Ural, 403, 438. 

Sefstrom, Prof., his theory of the northern drift, 508. ^ 

' his observations on the Swedish osar, 543. | 

— — , his theoiy of the transport of boulders, 655. 

Selburg (Livonia), castle of, Devonian strata exhibited at, 51. 


Seleuk, stream near Sterlitamak, section of Permian strata, 150. 
Semipolatnoi, on the Utva, range of the chalk reaches to, 272. 
Serbaifsk (Cossatchi-datchi), Devonian (?) schistose rodts and 
carboniferous limestone near this hill, 439. 

Serebrianka river (North Ural), Devonian limestone on the, 
381 et teq, 

, relations of Silurian and Devonian strata on the, 

384. 

Serebriansk, structure of the country between this zavod and 
the Tebussovaya, 383. 

Sergiefsk, magnesian and gypseous cliffs near the baths of, 157. 

j see Nijny Sergiefsk, North Urtl), dolomites in the 
the igneous eruption from this place to Bissersk, 

385. 

Serpentine, bosses of, at Ekaterinburg, 361. (For occurrence 
of in the Ural mountains, see Map, PI. VII.) 

, this rock with »homblendic and chloritic schists 

abounds in the auriferous i^ne, 434, 435. 

, associated with diallage in Listvanaya-gora (South 

Ural), 435. 

Serpuchof, or Serpukhof, 011 the Oka, sequence of the carboni- 
ferous rocks at, 80 ; fossils of, 80, 81. 

Serpula omphalotet^ the occurrence of this fossil in the Devo- 
nian rocks of Russia, 43 ei teq, 

Sevastopol, M. Iluot’s conclusions from the tertiary fossils found 
at this place not agreed to by the authors, 303. 

Shablish, brackish lake of, east of the UraT, 422. 

Shaft, section of the coal workings of LiAitchia-Balka, 111. 
Shale (Silurian) of Norway, 12, 1 2*,^ 8. 

, blue^ found at St. Petersburg, 26. 

, beds of, overlying the upper limestone of the carbonife- 
rous series of Russia, 98. 

, red arrillaceous, called * leber thon* of the Permian 

series, 153. • 

, certain rocks of this kind characteristic of the secondary 

rocks of Russia, 230. * 

, black, bct\teen Pies and Kineshma, 238. * 

, pyritous, characteristic of tl^ Jurassic rocks^of Russia, 

244. \ 

(Jurassic), in the cliffs of Sysran, 246. 

, between the arctic Ural and the Timan, 417. 

Shayjie, Mr. D., his investigations in Cumberland and West- 
moreland, 2*. 

Shelly sands (miocene) of the Upper Vistula, 291. 

sea-bottoms in Northern Russia, 327. 

Shidrova, on the Dwina, limestone (Pennian) exposed at, 174. 

, a Cyrtoceras found there, 210. 

Shuran, on the Kama, cream-coloured and spotted marly lime- 
stone (Permian) of, with Produciut Cancrinij 162. 

Siass river, Ungulite grit reposing on Rhie shale near, 27*. 

, geological succession on the, 30. 

Siberia, flat country of, seen from Mount Sugomac, lithographic 
sketch of, 425, 653. 

, granitic rocks of, posterior to the palaeozoic, 352. 

, fossiliferous rocks seen in, 363. 

, presence of palaeozoic rocks in the plateaux of, 423. 

, each ridge in the steppes of, a miniature representation 

of the Ural chain, 443. 

, Ural mountains formed the western edge of the old 

continent of, 472 et seq,y 521 , 555. 

, abundance of the remains of large mammals in, 491. 

, causes of the refrigeration of, 497. 

, entire absence of erratic bjpeks in, and in the Ural 

mountains, 554. ■% 

— , difficulty of accounting for the tchornozem or black 

earth found in, 563. 

Siliceous matter in the lower carboniferous series of Russia, 72, 
73. 

grits from the upper mender of the Jurassic rocks 

around Moscow, 235, 2tio et teq, ^ 

— beds containing Jurassic fossils, 247. 

- and argillaceous masses representing Jhe cretaceous 
rocks in the govemmenfs of Khvkof and IsSirik,4iP7. 
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SilidM treet found in the lendi around Veliki Uitiug, 177. 
SiVeitrfim, M., and M. Bdhtlingk, their remarks on the fonn of 
nuMinda detritua in Scandinavia, 555. 

SUkia, a ridge ^ quarts rode south-west of Zlatahst, 4S9. 

, lower Suuriaa rocks between this ridge and Satldnsk, 

43S. 

Silurian gravel of Germany derived from Sweden, 544. 

' rocks of Scandinavia, 10. 

, lower, of Norway, 11*. 

— , succession from lower to upper, in Norway, 12*. 

— — affected by eruptive rocks in Norway, 14. 

— — — of Sifeden, 15 et teq, 

' - - (upper) of Gothland, 18. 

■ > — of Russia, 20 et teg. 

— , those on the Lappish frontier greatly 

metamorphosed, 23*. 

of the Bditic provinces and St. Peters- 
burg (all lower Silurian), 25 et teq. 

— found in Estbonia, 33*. 

(upper)dnjpe8el and Dago, 35. 

, organic remains found in them, 36. 
of the North Ural, 364, 370, 394, 396 et teq., 408, 


422. 


, their relation with Devonian 

strata on the Serebrianka, 384. 

undisturbed on the banks of the 


river Is, 394. 


- with Devonian rocks at Bogos- 


lofsk and on the Kafva, 396, 402. 

of the Arctic Ural, 405, 40^ 

of the Timan range, 413. 

of the South Ural on its western flanks, 429, 430, 


432, 456, 459, 460. 

- form the chief crystalline axis of the Ural, 466, 


5«IIIU WC VUIC^A VS /Ofc»aaaaaw va vaav 

Silurian system, first ^blishment of, by Mr. Murchison, vi., 1. 

^ scarcely represented by fossil^ in Belgium, the 

Rhemsh provinces and the Hartz, 3. ^ 

2 , absence oT through large mountain districts 

in Germany, 3*. • 

in full force at Prague, 3*. 

', its extent and distribution in France, 4 ; in 


— I 11,^ CAl'VltV OUU isjtawvia usa a.a«»aav%>y -y ••• 

Spain, 4* ; in North America, 4* ; in South America, 6 ; 
in Africa and in Australia, 6*; in Scandinavia and in Rus- 
sia, 7, 11* to 39*. 

■ its dismembered and peculiar state in the Ural 


mountains, 350 to 470. 

. . resemblance of that exhibited in Northern 

Europe generally to that of England, 580. 

Simbirsk, cliffs of Fust^ma limestone to the south of, 86. 

, Jurassic basiiMn the government of, 243. 

, Jurassic beds emerge from beneath the chalk in the 

valley of the Volga at, 244. 

, cretaceous hedM of, 278. See Jaaikoff, 

, eocene tertiaries of, 283, 287. 

Simsk (South Ural), zavod of, 431. 

Sinara (south-east of Ekaterinburg), gypsum on the right bank 
of, 422. • 


Stphxmophyllia, See Ckmimia, 

Sira, Babka, &c., sections of lower Permian rocks near these 


rivers, 142. 

Sirga river, iron-works of Nijny Serginsk, on the, 356. 

Sisola, Jurassic rocks on the banks of, 417. 

Skars or Skors, rocky islis in Sweden, description of, 542. 

— • , probable origin 556. 

Skeletons of h^e mammalia weir broken condition in the 
Ural, 494. 

foond frozen in Siberia, 495. 

Slaboka, white chalk on the, 266. 

$iaty granitic rocks the fondamental basis of the carbonifoious 
system in the Donetz country, 92. 

Slavenka, * trainfo ' of blocks on the slope of a hill near the, 512. 
Smeofgiear ’jfhliisiopol, section qf Pernrian strata at, 161. 
Smimda, Captun, bit asttstance, 110. 


Smith, Mr. (of Jordan HiU), hit opinion concerning the shells 
found in the Dwina and Vaga deposits, 329. 

Smolino, on the Issetz, greenstone and graystone at, 368. 

Sniefka, on the Krinka, outcrop of bad cotd at, 99. 

Snowdon, shells found in the Arctic Ural like those of, 408. 

Snowdonian slates, age of, 3. 

Soil of Russia rapidly washed away, 572. 

Soil, cold and ui^avourable, on the blue clay of St. Petersburg, 
27. 

— , productive, the black earth of Russia, 559. 

Soimanofsk, zavod of, 426. 

, gold alluvia with mammoth bones at, 487. 

Soiva (Petchora), outline of carboniferous limestone on the, 415. 

Sok, escarpments of magnesian limestone on the banks of the, 
157. 

Solikamsk, sequence of Permian rocks at, 145. 

Soliman, Mount, west of Yuryusensk, Devonian limestone of, 
430. 

Solimenski-kamen, description of, by M. Engelmann, referred to, 
23. 

, breccia resembling this rock in the Arctic 

Ural, 411. 

, direction of the drift from, 527. 

Solivetsk monastery on isle of the White Sea, crystalline rocks 
of, 22*. 

Sopliusa (near the Petchora), whetstone bed (carboniferous) 
from the, 410, 

Sosva river, pahcozoic deposits on, 396. 

, upper Silurian rocks at, 402. 

South Ural. See Ural Mountains. 

Southern steppes, crystalline rocks of, 91. 

Sowerby, Mr. James, fossils described by, 12 ef pauim. 

Spain, Silurian rocks of, in the Asturias, 4. 

Sparrow hills (Moscow), section on the Moskwa near, 237. 

Spask, environs of, the northern limit of the basin of Butgar, 
325. 

Spaskaya (South Ural), gray limestone of, 444. 

Sph(BroniteSy account of, 38. 

— found in lower Silurian limestone at Freberga 

(Sweden), 18. 

Spir^tr lynxy widely diffhsed lower Silurian type, 5,38. 

Spirifers with numerous sRnple plaits characterize Devonian 
strata, 63. 

Spir\fer Mosquensisj characteristic of the central carboniferous 
limestone of pussia, 70, 72, 76, 80, 81 et seq.y 414, 460. 

, the fossil found throughout the coal-bearing 

series of Lissitchia-Balka, 110. 

— found in the carboniferous limestone of the 

Ural mountains, 126,460; in the Timan range, 414; in 
the South Ural, 460. 

Spirtfersy not many species in the Russian carboniferous series, 
135. 

Spitzbergen, carboniferous limestone found at, 582. 

Springs of the steppe of Astrakhan, origin of, 320. 

Starai Russa (south of Lake Ilmen), sinking through the Devo- 
nian strata at, 45. 

Starai Ladoga, on the Volkof, Ungulite grit at, 27*. 

Stchipina, in the Timan range, carboniferous limestone of, 415. 

Steam-engines little used in working the Russian coal-mines, 108. 

Steens fiord, Norway, upper Silurian flagstones and tilestones 
at, 13. 

Stennis, lake of, recently converted from a salt-water into a 
freshwater lake, 802. 

Stepnaya (South Ural), granitic knolls at, 443. 

Steppe, granitic, of Volhynia and Podoiia, height of its western 
extremity, 21. 

Steppes, upper, coal-fleld of the Donetz occupies the hills of* 90. 

, southern, crystalline rocks of, 91. 

Steppe limestone* or Aralo-Caspian, nature of, 297, 299. 
, abundance of fossil Cardium found in the, 307. 

'• ■■■■ - , different elevations of, 322. 

general conclusions concerning, 583. 

Steppe deposits (lower) of the former Caspian, 314. 
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Steppe (low) of the Ceneaitu, 819. 

Sterlitamak, carboniferoiu limestone at, ISO. 

— , luboonical hills projecting from the sur- 
face near, 180. 

to Ufa, section of Permian strata only, 150. 

— ' , outliers of carboniferous limestone near, 431. 

■ ■ ■ — , section from Verch-Uralsk to, 464. 

- , carboniferous outlier near, 461. 

StigmaHa fieoidett its appearance in the lower carboniferous 
bcd8,n, 78,79. 

found in the lower carboniferous sandstones 

of the Donetz coal-field, 93. 

Stilbite and Heulandite present in the basaltic rock of Tchaitzin- 
mis, 415. 

St. Lawrence, gulf of, the marine shelly deposits there com- 
pared with those on the Dwina and Vaga, 330. 

Stolobna rivulet (above the Priksha), magnesian limestone (of 
the carboniferous system) at, 73. • 

— — , fossils found near, 73. 

** Stoss Seite," or worn side of the rocks in Sweden always to 
the north, 545. 

Strajefski, Capt., his explorations in the Ural, 339, 405. 

Strangways, the Hon. T. H. Fox, his early geological descriptions 
and maps of Russia (Preface). 

- — ■ , Ms determination of the cry- 
stalline rocks of North Russia, 23. 

- Ms description of the strata 

around St. Petersburg, 25\ 

, Ms notice of certain red beds 

near St. Petersburg, 33*. 

, Ms description of the eroded sur- 
face of the sandstones Underlying the steppe limestone, 300. 

■■ ■ — bis memoir on the geology of 

the lower steppes, and Ms view of the desiccation of the 
Caspian, 315, 576. 

— ■ - I , Ms account of the drift near 


St. Petersburg, 512. 

„ — , his observations on the black 

earth of Russia, 561. 

»■■■ — — , his remarks on the subject of 

mud volcanoes, 576. 

Stratified igneous rucks of the Noxth Ural and Katchkanar, 363, 
393, 436, 463. 

granite, &c., examples of, 424, 436. 

Strelitamak. Sec Sterlitamak, 

Strelna and Suchona rivers, vertical cliffs oi, 1 78. 

Striated and scratched surfaces of rocks in Russia, Nonn^ay and 
Sweden, 530 ; in Scotland and England, 550. 

Striation and polish of rocks in Ireland. 541 et aey., 549. 

of rocks generally due to subaqueous action, 553. 

Strike, prevailing, of the rocks in the arctic Ural, 405. 

Stris, absence of, on the face of Mount Sabliu, 413. 

— , direction of the rocks in Norway, 642. 

— , normal direction of, in Sweden, excentric, 548. 
StrogonofT, zavod belonging to the family of, 126. 
Siromaiopora concentricOf description of, 626. 

Strombodet ? description of tMs genus of corals, 614. 

Structure, laminated, of granite at Stepnaya, 443. 

Structure of the Ural, general conclusions concerning the, 461. 
Struve, his triangulation of Livonia and heights furnished by, 
31, 567. ^ 

Strzelecki, M., Ms travels in Australia and work referred to, 6*. 
Styr, tertiaries on the banks of the, 385. See Eichwaid, 

Styria, tertiary oolites of, resembling those found in the south 
of Russia, 75, 394. 

Submergence, ancient, of the districts now covered by the 
northern drift, 536. 

Succession of Silurian, Devonian and carboniferous strata well 
explained in the northern provinces of Russia, 35* to 88. 

- of carboniferous strata in the south-eastern portion 
of the Donetz coal-field, i(^, 133. » 

Suchona, Penman limestones seen in the ascent of, firom Ustiug 
tA VnlMpdA. 177. 


Suchona, section of strata exMbited in the banks of, 178. 

Suda river, carboniferous limestone on the banks of, 73. 

Sudac in the Crimea, fortress of, its walls built of stones con- 
taining recent sea shells, 576. 

Sugomac, Mount, South Ural viewed from, ixo. 

Sulphur deposits near the baths of Sergiefsk and on the Sok, 

158. 

of Russia shown to be of the Permian period, 

159. 

Sulphur, its origin in Russian Permian rocks explained, 170. 
Sulphuretted hydrogen, abundance of, on the bau^ of Sergiefsk, 

present also in the mineral waters of 

Nijny Serginsk, 357. 

Sura river, Jurassic beds pass beneath the chalk at, 344. 

, concretions of impure argillaceous limestone (Jurassic) 

between this river andithe nana, 344. 

Siivoinov, Cape (Timan), formed of carboniferous limestone, 415. 
Sveti-nos, Cape (Timan), formed of carboniferous limestone, 415 . 
Sviaga, cliffs of white lime^^e (Permian) on the, 163. 

Sviask, white limestone (Permian) on the Sviaga near, 162. 

, section of cliffs near, 164. 

and Tcheboksar, tufaceous limestone between, 180. 

Sviatagora, on the Donetz, Jurassic rocks at, 250. 

Svir, river, headland of syenitic greenstone on the left bank of, 
23, 47. 

, trainee of northern blocks near the, 515. 

Swagba, on the Issetz, limestone and sclflst of (Devoman), 364. 
Sweden, Silurian rocks of, 15* et sef, 

, striation, dj^ and osar of, 543 et aeg. 

, Skars or Skors of, described, 543 et aeg. 

, probable formation and age of the Skars of, 556, 

Syenite and syenitic dykes of Verkhoturie on the Jura (Ural), 
395. » 

Syenitic greenstone, headland of, 47 ; dyjces near Karakuba, 93. 

rocks, distinction between thele and granitic rocks, 443. 

l^isses into granite at Karagaisk, 443f 

Sylv^ Babka, &c., sections of Pei^nian rocks near*tbese rivers, 
142. » 

Syringopora diatana {Harmoditea diatana of Fischer), descrip- 
tion of, 592. 

parallelaf description of, 691. 

Syrostan, near Miask, granite penetrating mica schist at, 434. 
Syrtinskaya (South Ural), carboniferous limestone between 
Kizilsk and, 445. 

Sysran (Lower Volga), Fusulina limestone covered by Jurassic 
shale, 87, 346. 

, Jurassic rocks near, high position of, 345. 

and Volsk, on the Volga, ancient extension of the Caspian 

to, 325. * 

Tabular list of all the Russian deposits. (See Map, Plate VI.) 

list of the fossils of the Permian system in Europe, 221 . 

“ Taconic ” (North American) system of Dr. Emmons referre<l 
to, 4*. 

Taganai mountain (South Ural), account of raetamorphic pha*- 
nomena of, 427, 433 ; aketch o^ 428, 654. 

Taganrog (sea of Azof), miocene tertiaries of South Russia ex- 
tend to, 395. 

, section of the tertiary rocks in the cliffs of, 296, 299. 

, mammoth clay drift at, 562. 

, silting up of the sea of Azof near this port since the 

time of the Empress Catharines 573. 

Taischoffski zavod, fine section of magnesian limc8tona^( Per- 
mian) exposed at, 160. * 

Talc scMsts in the Ural mountains, 360 et aeg. 

Talc scMst, fossiliferous beds passing into, on the Yegra-laga 
(Arctic Ural), 408. 

Talitza, near Ekaterinburg, greenstone at, 360. ^ 

Tambof, Jurassic rocks in the government of, 343. 

Taman, cliffs of, referred to the stqjpe limestone, 301. 

- — I remains of a herbivorous Cq^acean found at, 

303. (See Brandt.) * • ^ 
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Taman, 6Sih of, identity of beds found there with those of 
Kamioaoh Bonm (Crimna), 308. 

Tanalj^ (South Ural), Jurassic beds at^ 406. 

Tanglii*Daria (the ancient Orontes), its stream artificially de- 
flected, 677. 

Tamaa, on the Oka, fossils in the limestones of, 79. 
T|Blikuturgan rivulet near Miask, most of the large lumps of 
gold m the Und on the ancient banks of this stream, 4^. 
Tatarova, on the Moskva, extensive quarries of Moscow mill- 
stone grit and siliceous grit at, 3^. 

Tatdhilnoi wra, near the Vitlanka river, fossiliferous siliceous 
grit in the riM of, 247. 

Tatra mountains (Poland), Carpathian sandstone of, 264. 

' ■■ ■ , identical in geological constitution with the 

Austrian Alps, 264, 656. 

Tchaitzin-inis (Timan range), eruptive rocks of, 415. 

Tcheboksar and Sviask, on the banks of the Volga, tufaceous 
limestone between, 180. « 

— , on the Volga, section of Permian red marls at, 181. 

TchefTkine, Lieut.^eneral, the assistance afforded by 

him to the authors. (Preface eT passim.) 

, his efforts in the coal-field of the 

Donetz, 102 ef $eq. 

, his clear instructions to different 

zavods,93, no, 359. 

; , fossils named after him. (See Nau. 

Ulus Tchsffkini^ vol. ii. p. 363.) 

Tcheketau, outlying sSbeonical hill of carboniferous limestone 
near Sterlitamak, 1^, 461 ; Permian beds of gypsum at, < 
142. 

Tcherdinsk, on the Issetz, Devonian limestone at, 364. 
Tcheremchm river, near Sergiefsk, LinguUt found near Kiev- 
Una in the valley of, 157. 

Tcheremtsal (west flank of the Ural), altered rocks at, 359. 
Tchihatcheff, M. Pien^ ^e, his travels and important geological 
worl^ on the Altai mountains, 6*. 

Tchistopot IP Bogoroslan, a tine joining these places the I 
westerh limit to the pl^it-bearing and cupriferous Permian ; 
grits, 156. e | 

Tchol and Tolya (North Ural), Oxfordian beds on the banks of, I 
230. 

Tchomozem or black cartli of Russia, description of, 557 et sfiq. I 
, analysis and rich soil of, 559. | 

- - probable aqueous origin of, 561, 563, 565. 

' not the same as the loss of Germany, 562. 

, absence of marine or freshwater shells in, 564. 

its occurrence on the banks of the Oka, 59. 

found near the higher limits of the Kalmiuss, 96. 

, its appearance at Bielgorod, 268. 

found in the Southern Bashkir districts, 491. 

Tchudova, on the Kerist, Devonian limestones of scales of Glyp- 

tosleus reiiculahts found in the ravines north of, 42. 
Tchuida (South Ural), the mineral structure of this range, 429. 
Tchussovaya river, carboniferous limestone on the banks of the, 
125; flexures of its Devonian and carboniferous rocks, 
386, 388. 

— ' , account of the descent of the, 384. (Sec 

sketch, 337, 653.) 

■ picturesque scenery of the, 388. 

■ , cryst^ne rocks between Tcheremtsal and, 359. 

, structure of the country between, and Serebriansk, 

383. 

, millstone gritsof this river repeated in the Timan 

suige, 415. (Orthography o^ Tchussovaya, 658.) 

Teeth and Ixmes of fishes, microscopic examination of, by Pro- 
fessors Owen and Agassiz, 67, 635. 

TeploflT, Major, his assistance to the authors, 110. 

Teplova, on the Tiosha, Permian limestones at, 164. 

Teapbratvla more abundan# in Deionian than in lower strata, 
63. 

Terraces in vaQeys, their oocurrence and explanation of, 550. 

* Terrain Oxfor^n,’ or Oxford cl^ Ac., represents the whole 
oolMR and Jurassic seHes in Kusia, 280.> 


Tertiary deposits of Russia, 8*, 281 §t seq, 

■ — ‘ eocene rocks of Russia, general account of, 284. 

, list of fossils from ButschuV. 

on the Dnieper, 286. 

of Antipofka, on the Volga, 

277, 288. 

■ " resemble those of Bognor, 583. 

miocene rocks of Russia, salt deposits of Wieliczka, 290. 

— , shelly sands of the Upper Vis- 
tula of this period, 292. 

■ from the southern districts, 2*>''- 

, oolitic rocks of this period, 2!> i . 

, limestone of Taganrog, 295. 

Aralo-Caspian or steppe limestone, 297 et seq. 

deposits of the steppe of Astrakhan, 316. 

deposits of the low steppe of the Caucasus, 319. 

post-pliocene beds in North-Eastern Russia, 327. 

grits of Kaltchedansk (Siberia), 366. 

of Verkhoturi^ (Siberia), 395. 

Thecodont saurians, sauroid remains of the Russian Pei mi'«n 
strata referred to, 155. 

Tiflis, Aralo-Caspian strata extend to, 298. 

Tilestone, its position at the top of the Silurian series, 13. 

represented by a calcareous band at Oesel and Da^ ^ 

35*. 

Timan range, position of (Preface), 21* 

, account of the geology of, 230, 340, 341 , 404, 41 

, Silurian and Devonian rocks of, 413, 414. 

, carboniferous limestone and millstone grit of, 414. 

, eruptive rocks of the, 415. 

forms the eastern limit of erratic blocks, 521. 

. Tiosha (see Teplova), Permian rockk on the banks of the, 164. 

I Tismiinski, hummocks of micaceous rocks with ores of iron in 
the Ural-tau so called, 433. 

Tol river (Arctic Ural), fossiliferous Jurassic beds at, 406. 
Tolks, on the Jemmbach (Esthonia), inflammable bituminous 
schist with Silurian limestones at, 34. 

Tolya and Tchol, rivers in the North Ural, Oxfordian beds on 
the banks of the, 230. 

Toretz (south of Bachmutb), coal extracted from the banks of 
the, 104. 

, probability of coal oWthc east bank of the, 118. 

Torrents, the rush of, formerly supposed by other authors to 
have scratched and polished rocks, view modified, 535. 
Tosna river, near St. Petersburg, position of Ungutite grit on 
the, 27*. 

, section of Silurian rocks near Nikolskaya on this river, 

29*. 

, fossiliferous beds on the banks of, 29. 

Totma, salt springs in the red deimsits of, 178. 

* Trainees,* distribution of erratic blocks in this form near St. 

Petersburg, 512; at other places, 526 et passim. 

Transition from cretaceous to tertiary rocks may possibly be 
found in Russia, 277, 289. 

Trees, silicifled, found in the sands round Ustiug, 177. 

Triassic rocks, absence of, in Russia, 8, 256. 

, always conformable to the Permian rocks in 

Europe, 204. 

Trigonia clavellata found in shelly Jurassic beds at Kamenka 
on the Donetz, 251 ; near Moscow and Jelatma (see vol. ii.). 
Trilobites, M. Emmerich’s and M. Burmeister’s work on, 4. 

, these fossils abundant in the Silurian rocks of Norway 

and Sweden, 12 to 19*. 

, abundance and general character of, in the Siluriari 

strata of Russia, 37. 

» rarity of in Devonian and carboniferous systems, 

134. 

, absence of, in the Permian system, 212. 

Troitsk (Kirghis steppes), description of, and account of the 
• geology in the neighltourhood, 442. 

Traitsk (Bielebei), fossil sauroid remains found near, 155. 
Troitskoi, on the Moskva, siliceous grit with fossils at, 240. 
Troost, Dr., his account of the geology of Tennessee, 4*. 
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Troiu^ (mt) or baiin of i^iper Silurian deposit! in Oetel, 
Dago and Oothland» 85*. 

Trough! of paUeotoic rocks on the west flank of the Ural moun- 
tains, 886, 481, 468. 

TrypUuma^ a subgenus of Cyathophylium, described, 618. 

Tsher (Timan), carboniferous rocks on this river, 415. 
Tubipora, analories with and resemblance of this coral to Sy- 
rinyopora, 598. 

Tufa, calcareous, on carboniferous strata at Putshino (Oka), 88. 
Tufaceous limestone (Permian) with Product!, near Verkny and 
Nijny Troitsk, 158. 

' — seen between Sviask and Tcheboksar on 

the Volga, 180. 

Tula, lower carboniferous rocks at, 77. 

and Kalu^ lower limestone of, 79. 

Tun-os (Upsala), description of, 546. 

Tura (North Ural), Silurian rocks on the banks of the, 394, 
408. 

Turbinolia ibicina. See Cantntu. 

Tuiinsk, N^ny, zavod of, passage of the Ural by the Katchkanar 
to this place and Verkhoturi^, 390 to 894. 

Turkey (see JSou/), geological structure adverted to, 656. 
Turkistan, composition of the plain of, 310. 

Turyinsk, near Bogoslofsk, copper mines of, 398. 

Tzaritzin, tertiary age of the steppes between this town and 
Sarepta, 878. 

Tzilma river (Timan), section of Devonian rocks on the, 414. 
traverses the carboniferous limestone, 415. 

UoDEVALLA (Swedcn), raisjd beaches of this place compared 
with those on the Dwina and Vaga, 389. 

Ufa river (South Ural), carboniferous limestone on the banks 
of, 189. 

— , section of Permian strata between this river and 
Sterlitamak, 150. 

■ ' , calcareous grit (Permian) with fossils on the banks 

of, 358. 

Ui, granite of the steppes, east of the Ural, 441. 

Ukhta and Vitchegda (Timan range), Permian limestones on 
the rivers, 418. ^ 

, Domanikf or upper Silurian schists of, 414. 

Ukraine, fossils found there indicate beds belonging to the 
older tertiary period, 286. 

Uksenskaya, on the Pinega, limestone with carboniferous fossils 
at, 172. 

Ulu Utasse-tau (South Und), a hill of magnetic iron, 445. 
Undulations of tne lower Silurian strata in Northern Russia, 31. 

— of considerable extent, in the Devonian strata on 

the right bank of the Diina, 51. 

UnguHteif description of this genus of shells, 86. 

, large size of, at Baltisch Port, Esthonia, 88. 

Ungulite grit and bituminous schist, its position in the Russian 
Silunan series, 25*, 27. 

, thickness of the, 27*. 

United States, palaeozoic rocks of the, 5*. 

Uiya river (Tambof ), iron works there, 84, 234. 

, „ , ^ near Jelatma, ironsand beds of, belong to 

the Moscow millstone series, 242. 

, red marls (Kostroma) (Permian) appearing at, 178. 

, black Jurassic shales of the banks of the, 283. 

Unskoi (Archangel), salt spring at, 518. 

Upheavals, absence of, in Russia, between the Valdai Hills and 
the Dwina, 25. 

, general character of in Russia, 35*, 53, 62, 537. 

m,, general character of in the Ural mountains, 463 et 

teq, 

— — — , nature of those that elevated the land on the coast 
of the Black and Caspian Seas, 899. ^ 

Upper greensand, relations of, in Russia, 880. 

Upsria, marine post-pliocene beds there, covered by gravel and 
boulders, 388. 

Ural mountains, rivers springina in, 81*. (See also p. W.) 
general view <n the structure of, 837, 461. 


Ural mountains, same order of palmozoic rocks as in Russia, 39, 
461. 


' , carboniferous rooks on the ^tem flanks of, 
184 et eeq, 

— ■ , basin of the Tohussovaya, in, 185. 

, carboniferous series in that part of the chain 

south of the Bielaya, 131. 

" ■ , ancient continental surface of, 471, 521, 555. 

— ■ , section from the flanks of the chain near Ster- 

litamak to the Volga, 150. 

— ' ' , the copper sands and maA (Permian) derived 

from, 168. 

, probability that certain sandstones and lime- 
stones (Permian) on the western flank of this chain re- 
present the rothe-todte-liegende, 803. 

, general acetunt of the, 337 et teq, 

, previous knovfledge of the chain before the 

visit of the authors, 338. 

, viewed ^a*freat meridian chain, 339. 

■ — ■ , general extent of the chain, 340. 

, age of the rocks of, 360 to 470. 

, direction of the rocks of, 467. 

— , date of the introduction of metalliferous ores 

into the chain, 472 et teq. See Auriferous aUuvia. 

, no Scandinavian boulders near, 627. 

, general results of the investigation of, 586. 

, North, a portion of^he chain so called by the 

miners, 342, 350 et teq, 

western flank of, 354 et teq, 

, pass of the Katchkanarfirom the western 

to the eastern flank, 390. 

, sedimentary origin of the rocks of, 403. 

, Jurassic rockf on the eastern flank of, 

230, 406. , . 

^ , eastern flank of the most •northern 

p8rt, called by the authors th^Arctic Ural, 494.* 

, western flnk of the Arctic? Ural, 406. 

, Jurassic robks between these moun- 
tains and the Timan range, 417. 

— ■ , South, general geological structure of, 346, 

35u. 


, how distinguished from the north, 420. 

' - , axis of, 437. 

, eastern flanks of the chain, 421, 446, 

, group of the mountains around Zlata- 

ust, from which the South Ural mountains radiate, 486. 

western flank, Permian rocks of, 146, 


461. 


towards Simsk, 430. 


- — — ' ., mneral view of the eastern flank of, 444, 

, Messrs. Hofmann and Helmersen's 

work on the South Ural, 445. 

porphyry and jaspideons schist of the 


axis of, 454. 


auriferous alluvia of, 487 et teq, 

river, general geologicat features on its banks, 444. 

, its traverse from Orsk to Orenburg, 446. 

r, chalk on the banks of its lower course, 278. 

and Volga, lower steppe between, 316. 

Uralsk, on the Ural, white chalk, 278. 

Uial-tau, micaceous schist and quartz rock forming this (n*est, 
433. • 

Urenga (South Ural), structurg of micaceous and ohloritic>chist 
at, 428. 

Urmanzelair, a tributary of the Sakmara, psammitic grauwacke 
in the gorge of, 452. 

Urtazimsk, on the Ural river, carboniferous limestone south of, 
446. • • m 

Urus (Aurochs), a living species, possibly one of the large 
mammals formerly ranging oven Northern Europe, 503. 
Usoli^e, on the Lower Volga, ihe carboniferous llnestw capped 
there by a tufaceous cmnglomenAe, 87. See Dwbioff, 
, beds of the Fflrmian system near to, ) 59. ^ 
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Uipend^ (Donetz), coal minec worked at, 107, 108. 

> coal district one of the richest in Southern Russia, 118. 

, cretaMns fossils at, 866. 

Ussa riwr (tributary of the Volga), section of Futuiina lime- 
stone exhibited at the mouth of, 86. 

Ust-Koiva, on the Tchussovaya, section of contorted carboni- 
ferous rocks near, 126. 

- , Devonian and carboniferous rocks seen on the descent 

of the Tchussovaya to, 884 ef 9tq. 

, transvertt section of the Ural from this place to Verk- 

hoturi^, 389. 

Ust-Kataevsk (Ural), Devonian limestones between Yuryusensk 
and, 430. 

Ust-Serebriansk, on the Tchussovaya, black dolomite (Devonian) 
near, 385. • . . 

Ust Simsk, near Sterlitamak, proMble junction of the inner 
and outer zones of carbonubrous limestones at, 130. 

Ust Sisolsk (ravcmment of Vologda), identity of its Oxfordian 
1>ed8 wiuL those of other dis%nt^arts, 230. 

, the neighbourhood of, the limit of the Scandinavian 

blocks, 521. 

direction of the Scandinavian drift to, 527. 


Ust-Uit, the isthmus between the Caspian and the Aral Seas, 
shc^y limestone of the surface of, d09, 310. 

, supposed by Humboldt to be the termination of the 

Ural mountains, V4. 

oceanic deposit^in the, 325, 652. 


Ust-Vaga, on the Dwina, sequence of Permian strata near, 174. 

, sequence of rocks seen on theenad from this place 

to Ustiug, 176. 

post-pliocene deposits at, 329. 


Ustiug Veliki, on the Permian rocks exposed in ascending the 
Dwina fir^ Archan^l to this place, 172. 

, white marls <nd fossiliferous limestones (Permian) be- 

tweCti Vitegra and this place, 175. • 

— , seq^ce of rocks geen on the road from this pCace to 
Ust-Vaga, 176. 9 

, lithological chanu^r of the rocks around, 1 77. 

>, argillaceous limestones seen in ascending the Suchona 


from VM place to Vologda, 177 

, account of the city of, 177. 

, nanitic blocks at, 520. 

blocks of granite and greensand scarce at, 524. 


Usva river (Tchussovaya), coarse conglomerates at the mouth 
of, 127. (Sec PL II. fig. 5.) 

Utva river (Orenbuiv), chalk ob^rved at, 272. 

Uvelsk (east of the iSouth Ural), granite near, 441. 

Uziansk (South Ural), zvod of, 458. 

Vaga, raised sea-bottoms found on the banks of, 328. 

Vaigatz island, in the Northern Sea, prolongation of the axis 
of the UI^d to, 339. 

, doubtful condition of the rocks in, 41 1. 

Valdai Hills, the chief watershed of Northern Russia, 26*. 

chiefiy composed of Devonian rocks, 41, 44. 

' lower cari>raiferons wnestone surmounting the 

Devonian rocks of, 46, 70. 

-, the carboniferous limestone extends from these 


hills as a centre, 77. 

-, their effect in arresting the masses of drift trans- 


ported from the noitk 519. 

submerged Aring the deposit of the northern 


ShASM- • 

Vanuxem, Mr., his account of the geology of part of the state 
ofNewYoA,4*. 

Vase of avanturine presented to Mr. Murchison by the Empe- 
ror of Russia, 434. 

VdRikina (Tiiiian), upper ^ilorififfoasiliferous schists on the, 
418. 

Vassili-Maldan. near the Atatyr, concretions of impure argilU- 
cemlimdltoBe (Jur^o) at, 444. 

VassUkm, on the Lava between the Volkof and the Siass, 
UnguUtes mixed with other Silurian foasila at, 28. 


Vassilivrask, a ^ in the Urol, talcose schists near, 360. 

Veduga, near Voroneje, section showing cretaceons series on 
the banks of, 271. 

Vegetable remains, fossil, their intimate relation with copper 
ore in the Permian series, 154. 

Vegetation, infiuence of the blue clay of St. Petersburg on, 27. 

, its character in soils upon the carboniferous lime- 
stone, 76. 

— - , change of, in advancing from Archangel south* 

wards, 176. 

, northern limits of. See PetcAora, Map, PI. VI. 

, its superior quality (corn) on the black earth, 559. 

Veins of gold ore at Berezovsk (Ekaterinburg), 476. 

Velicovo, on the Kliasma, white carboniferous limestone of, 85. 

, ridge extending from Kosrof to this place, 85. 

Verbluya-gora, a spur of carboniferous limestone frum the 
Gurraaya hills (South Ural), 450. 

Verch Uralsk (east ffank of South Ural), granitic rocks east of, 
443. 

, tract between this place and Orsk, 444. 

, section from this place to Sterlitamak (see PI. IV.), 

Verchny Barantchinsk (Ural), zavod of, 381. 

Verchni-Miask, gold workings near Miask so called, 488. 

Verchni-Moulinsk, near Penn, fossil fishes found at, 218. 

Verchni Ozemaia (South Ural), Permian rocks at, 450. 

Verkhoturie, Siberian fortress of the North Ural, see view of, 
395, 653. 

, granite, tertiary grits, &c., 867, 394. 

Verkni Kundriutcheskaya, near thq^Donetz, seams of coal at, 

102 . 

, emergence of the carboniferous from beneath the cre- 
taceous rocks at, 109. 

Verkni-Podvolodchie, near Perm, ascending section of Permian 
rocks at, 142. 

Verkni-Troitsk, on the Kidash, white marlstones (Permian) be- 
tween this place and Nijni Troitsk, 152. 

Verkni IJslon, on the Volga, gypsum (Permian) found at, 162. 

Verneuil, M. E. de, the origin and progress of his researches in 
Russia (Preface), peurim. 

, his me£ioir on the palaeozoic fossils of the 

Rhenish provinces, 1*. 

, his description of the palaeozoic fossils of 

Russia. (See(^ol. ii.) 

his obsenations on the tertiary deposits of 


the Crimaea, 301, 

Viasniki, on the Oka, extent of the red marls, 180. 

section of variegated marls and sands at, with Cythe- 


rirup and mineral milk or fossil leather found near, 1^2. 
Viatka river, near Perm, grits (Permian), 160. 

Vieriitza (Poland), miocene deposits near, 294. 

Vim (Timan), gypsum in the upper part of the, 412. 
Vindin-Ostrof, on the Volkof, to near Bor, Devonian fossils of 
this tract, 43. 

Visilki (South Ural), fosilliferous Permian limestone at, 148. 
Visinga (tributary of thelSisoIa), Jurassic rocks on the banks 
of, 417. I 

the sandstone of, Silurian, 17*. 
e crest of the North Ural, Devonian 


Visings island (Sweden), 
Vissimo-Shaitansk, near 
limestone at, 376. 

-, plat 


Vistula river, miocene t( 
of, 283, 291. 

— — , arrangement of 
l^tchegda river (Timan), 
Vitchegda and Ukhta, P( 
Vitegra, section of Devoi 
to, 47. 

-4——, extension of the 

—2 , sequence of rocks 

, carboniferous fossil 

— — , white marls and ft 
tween Ustiug and, 175i 


lum found by Humboldt at, 393. 
shelly sands in the upper valley 


iks in the valley of, 525. 

|per Silurian schists of, 413. 
limestones on, 412. 
strata near the high road leading 

>niferouB limestone to, 73. 

►,74, 76. 
found at, 75. 

limestones (Permian) be- 
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Vitegrt, Affie^h mJipui found at, 209. 

, condition of the drift near, 516. 

river, carboniforous limestone cliffs on the banks of, 75. 

Vitegraski, near Vitegra, old red sandstone seen at, 49. 

— rivulet, expansion of the lower Devonian rocks on 

the banks of, 74. 

Vitlanka river (Orenburg), fossiliferous siliceous beds of the 
Juras^c period near, 247. 

Vladimir, Fusulinse observed by Fischer in the government of, 
87. See FutuUme, 

, ammonites in iron mines of, 243. 

Vloia (St. Petersburg), calcareous flags (Silurian), at, 80*. 

, a section of lower Silurian beds exhibited at, 30*. 

Yofft, M., on Devonian Ashes of the Eifel, 7*. 

Vof river (Timau range), Siluriau schists on, 41*3. 

— , Devonian rocks on, 414. (Sec Plf V. fig. 5.) 

— , carboniferous limestone on, 415. 

Volborth, M., his memoir on Eckino-encrintu, 38. 

Volcanoes mud, in a line parallel with and near the Caucasus, 
575. 

Volchof (Siberia), descent of the Issetz to, 366, (See sketch 
of, 362, and section, PI. II. fig. 1.) 

Volga river, length of its course, 21. 

, its importance in affording good geological sections, 21*. 

, no carboniferous rocks to the east of it until the flanks 

of the Ural mountains are reached, 77. 

, lofty cliffs formed of the Fusulina limestone on, 86. 

, section through the upper carjimniferous limestone 

exhibited on the banks of, to 88. See Fugulina. 

, striking phsenomFhon of high right bank and low left 

bank of, 21#, 6,50. 

, red (Permian) marls seen in descending this river from 

Kostroma to Nijny Novgorod, 178. 

, tufaceous hmestone (Permian) between Sviask and 

Tcheboksar on the, 180, 

, Jurassic basin of the middle part of, 231. 

, black J urussic shales on the banks of, 233. 

, bituminous schists of, 2i5. 

, cretaceous rocks of the lower part of, 273. 

, eocene fossils at AntipofMh on the banks of, 277, 283, 

288. 


, lower steppe between this river and the Ural moun- 
tains, 316. ^ 

, ancient extension of the Caspian sea to Volsk and Sysran 

on the banks of, 324. 

, Jurassic rocks in the cliffs of, near Saratof, 246. 

, erratic blocks on the banks of the, 620. 

, its supply of water affected by the destruction of the 

forests in the tracts which feed it, 678. 

Volhynia, height of the western extremity of the granitic steppe 
of, 21. 

— , miocene tertiaries extend to, 283. 

Volkner, Colonel, his friendly assistance, 143, 

Volkof, or Volkhof river, Ungulite grit reposing on the blue 
shale near, 27*. 

, section on the hanks of, 29. 

section on, exhibiting the passage of Silurian into Devo- 
nian beds, 43. 

— — — , ichtbyolites of, differ from those found on the Priksha, 

44. 

Vologda, aigillaceous limestones (Permian) seen in descending 
the Suchona from this place to Ustiug, 177. 
vast spread of detritus at, 178. 

Volshaya (or Bolshaya) Gora, the height of this pass, 360. 
Volsk, on the Volga, section exhibiting chalk at, 274. 

— and Sysran, on the Volga, ancient extension of the Cas- 
pian to, 825. 

Voltchia river, west-north-west limit of the carboniferous^- 
gion of Southern Russia, 89. * 

Voltchia and Kalmiuss, stratified crystalline rocks of the, 91. 
Vomova, on the Oka, cUffli at, containing bituminous clay, sole 
representative of coal, 78. 

If \ n rr'A*- f i#' tiiTinfiATi ^ tVi Mnn nO 


Voroneje, near the Don, Devonian strata of this tract best seen 
on the banks of the Devitza rivulet, 6(^ 

- Devonian limestones of, extremely fossiliforous, 61. 

, absence of Jurassic strata in the ^vemment of, 244. 

, cretaceous deposits near, 271. 

'■ ■■■ , northern erratic blocks extend to, 519. 

, northern detritus on the Don near, 525. 

Voskresensk (South Ural), Permian cupriferous conglomerates 
of, 149. • 

Waiwa&a, in Esthonia, thickness of the * pleta’ limestone in 
the vicinity of, 83*. 

, angular blocks on the clififk between this place and 

Jeive, 611. . 

Wales, reference to the Silurian and crystalline rocks of, 2 
436. 

Walachia and Moldavia, humus of, 564. 

Wangenheim, von Quakn,^ajor, his geological sketch of the 
Permian rocks in the district round Bielebei, 141. 

, , M , his kind assistance, 141, 162 ; 

his sketch of the succession near Sterlitamak, 461. 
Warsaw, sandstones of the same age as those of Brora and 
the east of Yorkshire, 241. 

, collections of cretaceous fossilf in the Royal Museum 

of, 263. • 

Water containing sulphuretted hydrogen in the baths of Ser- 
giefsk, 167. 

its agency*in producing the drift in Northern Europe, 

o32. 

, ordinary force of, not sufficient to account for the drift 

of Scandinavia, 642. ^ 

Water-courses, their importance in working out the geology of 
Russia, 22. • * 

Watershed, lints of, in Russia, 20*. ^ / 

Waits of translation, their efliAency as transptrting agents, 
532, 553. \ 

, their agency necessary to explain the 

drift pluenomena of Sweden, 646. 

probably the chief moving power in 

transporting drift, 656. 

Wealden beds, absence of, in Russia, 260. 

Wenlock limestone represented in Sweden by the Gothland 
limestone, 18*. 

, its equivalent in the Russian isle of Oesel, 

35*. 

Wettern Lake, Sweden, sections near, 17*. 

Whetstone grits of the carhoniferou^period found on the Pet- 
chora river, 410. 

White limestone (carboniferous) of Archangel, 73 to 76. 

of Moscow, account of, 80. 

— alternating with magnesian 

bauds at Moscow, 81. 

gjijj ^psum ^Permian) of Shuran (Kama), 

162. ' , 

Wliite sea, M. Bohtlingk’s journey to, 22*. 

, the old red sandstone ranges up to the edges of the 

metamorphic rocks of, 49. 

, Oxfordian beds on the shores of the, 230. 

, blocks on the shores of the, 517. 

Wieliczka, tertiary salt deposits oOSO. 

Williams, Lady Sarah, Indian fossils collected by her, 2^. 
Wissenbach schists, rcserabltnce of, to the Domanik schists on 
the Ukhta, 414. (See correction, p. 646.) 

Wissenstein (Esthonia), Pentamerus band at, 34*. 

Wood, fossil, its association with copper ore, 164. 

Worth, M., his exertions in obtaining fossils from the red De- 
vonian marlstone ncarf^ctersbui^, 33, • 

Wrangel, Admiral von, his voyage referred to, 498. 

Wyon, Mr, Leonard, his medal of ftie EmperoL (See Dedica- 
tion and Preface, xiv.) • ^ 

Yakina (west flan# of Ural), Devonian rocki sceii%t, 430. 

Y Tw»rm Tiftntlv frOTCn SOil af, 190. 
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TiUltt m Ttfibn (wwt ititik at Vnl), euhovUmvt itndstonei 
Akoy^ ud, 19S, aik 
Yaii|Ml ^Mnid), nloome depoiiu nevi 994 . 

T«agtfi|ttM {(M iask of 8o^ Ural), porphyry at, 449. 
TarwM (aity ol), nd Pennian maria hidden under detritna at, 
II®. 


TaiilBQf;il. (See Jaaikoir, hia memoir on new red aandatone, 
% e,, 1^.) 

Tam.l||pi liter (Arctic Ural), alluvial plain of, 407. 

Twaa, or iefadina, cuhoniferoua limeatooe aucoeeded by Ju- 


- , erratic hlodca extend to, 519. 

Yemangnlofi (weat flank of South Ural), Permian fbaailiferoha 
Hneitoiie of, 14S. 

Temaei and Lena rivera, drift oonveytd hy, 498. 

Teakino river (Donetx), coal at, 96. 

Yngoahanak xavod, eaat of Kazan, fine Permian foaaU planta at, 


Yuraaamakol, near Kiahtymak in the Urff, fibroua iron ore found 
at, 496. 

Imjvamaak, near Zlatahat, Silurian rocka at, 499. 

■ 1 — , Devonian limeatonea between thia place and Uat- 

Kataevak, 490. 


Zavlaky Oower ridae ^ the Tatra mountaina), appearance of 
Carpathian aandatone jdth Juraaaic foaaila at, explained, 

965. 

Zaimakaya, on the laaetz, carbonifSerona foaajja at, 363. 

Zaraiak, near the Oka, Juraaaic foaaila found at, 934. 
Zarevo^Akzandrofrk, zavod of, 489. 

Zaatrova, tm the Dwina, red-ooloured beda at, 176. 


Zavoda or minii»eatahliahinenu-^ AlaxandroAk, 169; Avd- 
aaak,458; fiereiovak,476; BielorietE,455; Bliaerak,SM; 
BoeoalofUc, 396; Ghreatovodaviaseitik, 391; Kamenak, 
365; KaiUnik, 494; lOiiovak, $85 ; Kiahtmak, 494; 
Kuahvinak, 378; Kuaainak, 439; Liaaitchia-Wa, 109; 
Lugan, 110; Mi aa k and Zlatahat, 346; Nevianak, 368; 
NQny Serginak, 354; NQny Taiilak, 369; NQny Turinak, 
894 ; Preooraienak, 4U ; Satkinak, 4M ; Serebrianak, Ml ; 
Simak, 431 ; SoimanQ61^ 496 ; Turyinak, 399 ; Uapenak, 
107 ; Uzianak, 458 ; Tugodianak, 160 ; Turyuaenak, 499 ; 
Zarevo-Alexandrofak, 4M ; Zlataiict, 497. 

Zechatein, eqnivalenta of, in the Pennian rodca of Buaaia, 139, 


Zeuachner, Prof., hia worka on the Juraaaic and cretaceoua rocka 
of Poland, 953, 964. 

, hia opinion with regard to the Juraaaic age 

of the Caipathian aandatone, 965. 

, hia aaaiatance to the authora in examining the 

Caipathiana and the tertiary depoaita of the Vistula, 963, 
998. (See account of Map, 657.) 

a mountain of quartz rock between Zlatauat and Simak, 
99. 


Zinovief, M., hia travela with the author^ 175. 

Zlatahat, the centre of an important minme district, 846. 

, structure of the mountains around, 496. (See PI. 111. 

flg.l.) 

, steel manufiuTtures of, 497. 

, zavod of, 497. 

Zwickau (Saxony), fiora of the rothe-todte-liegende at, 1 99. (See 
Gutbier.) , 


ERRATUM. 

P^e IB*, and Index, page fiTB, for Homberg read Hobfrg. 
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